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- 
hoes E the problem of accurately 
controlling low volume flows in 
processing with acontrolled volume 
pump. Controlled volume pumps 
discharge a precise volume of proc- 
ess liquid . accurate to within 
+1°7. And capacity can be varied 
continuously by automatic or 
manual means. Here are just a few 
examples of the many control ap- 
developed by Milton 


Roy specialists for processing: 


plications 


flow 


When the variable is 


An electronic pressure gage meas- 
ures flow through a venturi tube 
installed in the main line. The re- 
sulting signal is fed through a null- 
balance circuit to a characterized 
square root potentiometer which 
regulates stroke length of a Milton 
Roy controlled volume pump. 
Phosphate feed accuracy is well 
within +3°, at all flow rates, and 
the system is so sensitive that feed 
rate changes as the flow rate 
changes with increasing or decreas- 
ing pressure on the main line reser- 
voir pumps. There is no appreciable 


lag. 


When the variable is 
temperature 
In exothermic reactions where 
temperature varies with catalyst 
concentration Milton Roy pumps 
control catalyst feed in response to 
reactor temperature. A pneumatic 
temperature controller transmits 
a3 to 15 ps control air signal to 
vary the stroke length of the con- 
volume pump, accurately 
catalyst feed to process 


ents 


Whe h the ray rabli 1S density 


Final density of a casein solution 
sprayed on tobacco is controlled 
within narrow limits by an auto- 
matically controlled Milton Roy 
pump. A density sensing primary 


measures Casein concentration in 


how controlled volume pumps 
amprove process control 


aah 


In this waste treatment process, Milton Roy pumps automatically meter treatment chemical 


in re sponse lo change < in pH. 


the main stream and transmits a 
signal proportional to toncentra- 
tion to an electronic controller. 
With any deviation from the con- 
trol point, the controller automati- 
cally varies pump stroking speed 
through a Thymotrol, thereby 
varying the flow of diluent. 


When the variable is pH 


In the alkaline-chlorination of 


cyanide wastes and the reduction 
of toxic chromium wastes, Milton 
Roy controlled volume pumps feed 
caustic solution to raise and main- 
tain pH. The pumps are stroked by 
variable speed motors regulated by 
Thymotrol control units in response 
to electronic signals from industrial 
pH measuring systems. 


Choosing the right pump for 
control 

Accuracy must be designed into 
the liquid end. For example, ball 
checks must seat tightly at the 
eract instant the plunger changes 
direction, for 100°; volumetric effi- 
ciency. To achieve the desired re- 
sult, Milton Roy controls such 
interrelated factors as the height 
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of ball rise, relationship of seat to 
ball diameter, ball guide design, 
specific gravity of the ball, and 
acceleration of the process liquid 
as the plunger approaches its limits 
Selecting the right combination for 
a particular pumping job and 
choosing the best control mechanism 
for the process are jobs for spe- 


Cialists. 


If accurate chemical feed to the 
process mainstream 1s one of HWou 
problems, look to Milton Roy's os) 
years of experience for your most 
Keep 


economical solution. up-to- 


date on new control applications 
with a free subscription to “E’ngi- 
neering Briefs’. Milton Roy Com- 
pany, 1300 East Mermaid Lane, 


Phila. 18, Pa. 


CHEMICAL INSTRUMENTATION SYSTEMS 


Controlled Volume Pumps » Quantichem Analyzers 
Chemical Feed Systems « pH instruments 





WHERE 
DO YOU 
STAND ON 


COMPUTER CONTROL— 
LEADING OR LAGGING? 


Far-sighted leaders in industry are realizing 
the benefits made possible by applying com- 
puter control systems to their processes. 


Working with these leaders, General Electric 
has already pioneered the application of 
twenty on-line GE-312 computer systems 
now being implemented in these basic areas 
—STEEL, ELECTRIC UTILITIES, CHEMICAL, 
CEMENT, and PRODUCTION CONTROL fo) 
various manufacturing applications. 


‘ 
The GE-312 Computer Control System em- 
bodies adaptability and flexibility to meet 
many types of applications in varying size 
plants. For example, compare its expansible 
memory —capacity up to 52,000 words. Com- 
pare its flexible input/output—capable of 
scanning up to 1500 instrument inputs. 


These are maximum capabilities, expansible 
from a minimum system. You buy a system 
tailored to your exact requirements. 


Add to this versatile equipment the com 
puter systems engineering ability demon- 
strated by General Electric in implementing 
these twenty GE-312 system applications. 


Add also the long history of General Electric 
overall systems know-how—its broad back- 
ground in the equipment, processes and ma- 
terials to which you apply computer control. 


‘Tomorrow’s profits will come from today’s 
combination of vision, equipment, and know 


how. Where do vou stand? 


There are General Electric Sales and Appli- 
cation engineers in over one hundred offices 
throughout the nation to serve you. Phone 
the nearest General Electric Apparatus Sales 
Office, or wire General Electric Computer 
Department, 13440 North Black Canyon 
Highway, Phoenix, Arizona. 


96) PROCESS CONTROL 


AUTOMATED BY GENERAL ELE -;* 





Progress /s Our Most /mportant Product 


GENERAL‘ 
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SPLIT-BODY LEVEL PRESSURE DIAPHRAGM 
VALVES CONTROLLERS REGULATORS CONTROL VALVES 


KEEP A FIRM HAND ON FLUID CONTROL 
WITH K&M VALVES ALL ALONG THE LINE 


From the complete display‘on the K & M shelf, you can THREE TECHNICAL BULLETINS GIVE THE IMPORTANT 
select the best type of valve for every control job in the FACTS AND FIGURES. THEY’RE YOURS FOR THE ASKING. 
process line. You can, in fact, standardize entirely on K&M. 
That means simplified specification, ordering, maintenance. 


Especially maintenance. K & M engineers have put 
consistent design emphasis on field interchangeability of 
components. In a pinch, you can “borrow” an inner valve 
or a topworks assembly from a pressure regulator for use 
with a diaphragm motor valve. That’s what we mean by 
interchangeability. 

And because the K & M line is so diverse and inclusive, 
our field representatives are free to make unbiased sugges- 
tions on the type of valve best suited to your requirements. 
That can often mean substantial dollar savings all along 
the: process line. Sulietin C4S2 


Standard 











Diaphragm 
Operated 
C 


Ve 


KIELEY & MUELLER, INCORPORATED 


Oldest Pressure and Level Control Valve Manufacturer 
64 Genung Street, Middletown, New York 


diaphragm control valves 


Our 79th Year 


S.A. 1723 
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SCANNING THE WORLD OF INSTRUMENTATION 
What's New .10 Artificial Neurons 
Economics 16 Coming Events 
International 24 Chromatography 
Companies on the Move 29 X-Ray Sensor 


FEATURE EDITORIAL 
COMPUTER AUTOMATES ARMY TANK CHECKOUT 


A tape-programed computer puts a dynamometer-mounted army tank through its paces, typing 
out its actual operating condition—without disassembly or removal of any major part! 


POLITICS AND ENGINEERS, Editorial, Charles W’. Cove) 
INSTRUMENTATION OF US STEEL’S NEW ania PITS 


Complete measurement and control details of this advanced new facility first of its kind 
in the US are revealed in this exclusive ISAJ story M. B. Kructh 


LET'S QUIT CONFUSING MASS WITH WEICHT 
Mass and weight are not identical. And in this space-age, their difference is not negligible. Here 
is a system of units for mass, weight, force and acce leration A. E. Schuler 


VACUUM WORDS ARE IMPORTANT! 
With ever-wider application of vacuums in today’s processing, instrument engineers need a good 
working vacuum vocabulary. ISAJ presents a glossary of terms for vacuum instrumentation 


PREDICTING CONTROLLER SETTINGS , 
Using a digital computer, techniques are developed for analyzing processes involving time 
delays, which indicate optimum controller settings L. R. Freeman, R. L. Owen 


SPECTROPHOTOMETER MEASURES FRUIT MATURITY 


A simple, portable, new instrument determines maturity nondestructively Gerald §. Birti 


A NEW ULTRASONIC FLOWMETER FOR INDUSTRY 
A brand new principle measurement of ultrasonic beam deflection produces both volumet 
ric and mass flowrates. An exclusive ISAJ report H. E. Dalke, W. Welkowtt 


TREATING WATER AUTOMATICALLY 
In the march toward fully-automatic pulp mills, automation of water treatment is one more step 
Instrumentation is fully discussed and illustrated. Herbert T. Petersoy 


APPLYING ULTRASONIC VISCOMETERS TO POLYMER PROCESSES 
Monsanto research learned which polymer systems ultrasonic viscometers can measure, and com 
pared them to the falling plunger and rotating spindle types. A. W. Wotring, T. B. McAveene) 


A MAINTENANCE RECORD SYSTEM THAT LOWERS SERVICE COSTS 
Here's a paper-work system that actually lowered service costs through 18 months of in-plant 
use. To help you set up a system like it, a full set of forms is shown E. A. Heck 


AN ADAPTIVE PROGRAM CONTROLLER FOR NONLINEAR BATCH PROCESSES 
An easily-made cam device varies controller gain and reset to hold stable control of nonlinear 
processes Over the whole range of controlled variable Jake E. Valstar 
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Now... 
Robertshaw’s 
Expanded 
Line 

Provides 


CONTROL 
VALVES 


FOR 
ALMOST 
ALL 
FLUIDS 


We've stepped up our service in the valve field... 
and whatever fluid you’re controlling, there’s a good 
chance a Robertshaw _ precision-actuated valve will 
handle it. 

New features like our high-lift actuators, en- 
closed spring, and greater-area diaphragms .. . give you 
needed accuracy and serviceability, along with the rug- 
gedness, simplicity and economy you’ve always received 
from Robertshaw. 


Diaphragm and bellows actuators 

Two bellows areas—four diaphragm areas 

Reinforced Buna-N moulded diaphragm 

Single-seated, double-seated, three-way 

Quick opening, linear, equal percentage 
valves 

Choice of body and trim materials 

Union, screwed, flanged, welding ends 

Sizes ',” to 10” 

Pneumatic or hydraulic operation 


Complete specifications in Folder TU-762. Write today 


MR. CONTROLS 


FULTON SYLPHON DIVISION, KNOXVILLE 1, TENNESSEE 
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Most Versatile 17" x 17" 





MOSELEY MODEL 2D 


RECORDER 


900) 
+ Yeee | 


Variable speed 


Continuous roll chart transport 


PNT i celsst- belommotal: lage Lely lates Pull-through, tear-off transport 


aalelcel@melah a -Melsr [eam ie- lal) ele al 


Al/ these:extra features combined: 


e AC or DC input on each axis ¢ Calibrated X-axis time base 
e DC accuracy 0.2% full scale © Operates direct from transducer 


e Local or remote control ¢ Vacuum recording platen 


SPECIFICATIONS 


calibrated fixed ranges on each 
axis: 0.5, 1, 2, 5, 10, 20, 50 mv/in. Also 
).1, 0.2 5, 1, 2, 5, 10, 20 v/in 
“Times-5” vernier expander 
nput 750 v on X axis; 500 v on Y axis 


Talecle(oihalelame com e)ie) eel al-aer-]ac-t-11-1pimeele)ce |i ar-1¢-s- mn ce lane Oe 


the new Moseley Model 2D 


DC Voltage Ranges: 


edi ston da lore} mel anielaner-helelan 
Recorder also plots functions of time, accepts AC Max 
ith a variety of Moseley 

AC Voltage Ranges: 8 calibrated fixed ranges on each 
Autograf accessories including punched tape and axis: 0.1, 0.2, 0.5, 1, 2, 5, 10, 20 v 


Vernier as above 


input data, and-operates w 


card converters, keyboards and logarithmic converters 
Accuracy DC, 0.2% of full scale 
A magnetic curve follower is also available AC. 0.5% from 20 cps to 20 KC. Us¢ 
upper frequency range to 100 KC 


Linearity: DC, 0.1% of full scale 
01 
l 


erating controls are readily accessible on the sloping 
Or ati { y ( yf 5 AC from 20 cps to 20 KC 


front panel. A variable range smoothly covers step 
f 


hanges and permits setting the scale to any value within 
the instrument's range. Zero may be set anywhere 
during plotting, or suppressed to one full scale ona 
vernier control. Amplifiers are compact plug-in units 
Filters suppress effect of extraneous noise. An 
integral vacuum system holds the chart paper firmly 
The pen, drivén by two independent potentiom 


melencae) 


in place 


eter servos, is lifted by a front pane 


T 


Time Base Intervals: alibrated sweeps on X axis 


Slewing Speed: 
Paper Size: 


Recording Mechanism: 


Size: 


Power: 


Price: 


Dat 


10, 20, 50 sex n. Vernier 


ah igel! 
20”/sec full scale, both axes 


11” x 17”, or 10 
accessories 


roll paper on 


Independent servo-actuated dr 
for X and Y axes 
172” wide x 15¥e” deep x 634 
Weight 43 pounds 
LL 


v, 60 cps watt 


1 frequencies t 


ages,.an 


$2,350.00 f.o.b. factory 


and price subject to change without notice 


F.L. MOSELEY Co. 


Dept E-10 Fler) N. Fair Oaks Avenue, Pasadena, California 
ela) ae a tyat.| TWX PASA CAL 7687 
Field representatives in ali principal areas 


+ + + + + 

Pele mokciaieatia “eCcorders 
4 4 4 4 4 } 

ioneer and leader in X-Y and strip-chart recorders 
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Honeywe 
| Feat we 


SINCE 1865 


ISA. Journal 








Now, a new split-body 
makes possi 
mix of Hone 
tuators 
for both economy anc 
of valve to application 
you can get the split-! 
with cost-cutting, clamped-in 
separable flanges and the 
inder actuator. Bi} Or perh 
application calls for the 
fixed flanges and 
diaphragm actua 
temperatures, j} 


— 7" prefer thi: 


an) with eith we | 


case, the com 

Honeywell line 

the valve-actué 

that’s exactly righ 

without pushing a valve beyond 
its design limits, without pay- 
ing for more than you need. 
Write for Bulletin B-802-1. 


iremie oun éecene Minneapolis-Honeywell, Fort Washington, Pa. 
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SCANNING \ WHAT‘S NEW 





FUEL CELL TECHNOLOGY -— A long term research program to ad- 
vance fuel cell technology has just been initiated at Battelle Memorial Insti- 
tute. The progriat, presently on a five year schedule, is designed to com- 
plement existing government, industrial and academic studies on fuel eells 
according to Dr. John McCallum, project director. Some of the approaches 
of Battelle’s research will be the investigation of internal electronic struc- 
ture of alloys, thin films of metals and unusual plating techniques. 


HOW TO PINPOINT AN EARTHQUAKE — fhe origin of thou- 
sands of earthquakes that rumble about each year will be more rapidly and 
accurately determined by electronic digital computers. Under a new pro- 
gram of the Coast and Geodetic Survey, U.S. Department of Commerce, all 
data reported from any of the 200 earthquake stations in a world-wide net- 
work will be card punched and fed into a computer. Not only will the new 
method increase the number of quakes located, but it is expected to event- 
ually pinpoint the origin of each within a seven-mile area 


AERO-SPACE COORDINATING BOARD — The National Aero- 
nautics and Space Administration and Department of Defense have estab- 
lished a joint board for continuing coordination of the U.S. aeronautics and 
space programs. The new Aeronautics and Astronautics Coordinating Board 
will coordinate activities, avoid duplication, identify problems and insure a 
steady exchange of information. AACB co-chairmen will be the Director 
of Defense Research and Engineering, Dr. Herbert F. York and NASA 
Deputy Administrator, Dr. Hugh L. Dryden 


INNOVATIONS IN INFORMATION DISPLAY — New strides in 


plotting and display boards have been developed by two U.S. firms 


Two of the largest plotting boards for missile range use are being designed 
by Computer Systems, Inc. under a $208,497 contract from the Navy. The 
completely transistorized boards, measuring 45” by 150”, will handle digital 
is well as analog input data. The unusually large dimensions and backlight- 
ng by electro-luminescent light panels permit the plotting of a vast area of 
the Naval Pacific Missile Range on a single board. 


The simultaneous plotting of multiple images is now possible through small 

mounts of dyes on transparent slides which can be projected onto suitable 
viewing surfaces. NCR’s Electronics Division developed the concept for dy- 
namic plotting of real-time situations. The color of the dyes in chosen areas 
can be altered by controlling the light sources illuminating them. Color 
changes are reversible in response to specified wave lengths of illumina- 
tion. Image persistence ranges from a fraction of a second to hours 


(Please Turn 1o Page 13) 
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parallel construction 
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now with number coding 


TO 1000 FEET 


Dekoron New Metl-Cor is an exciting instrument harness design that 
simplifies and speeds installation of tubing... makes neater and tidier 
tubing installations — because New Metl-Cor, with exclusive parallel 
tube construction, is now number-coded every 2 inches. 
Greater Resiliency That means there's no delay caused by trial-and-error compressed-air 
pet Cee Iae testing of lines. Follow the number code and hook-up correctly the first 
time. There’s no untwisting of corkscrew tubes. Peel the sheath back 
and connect straight lines fast. Dekoron New Metl-Cor also features an 
improved polyethylene sheath for maximum corrosion and impact pro- 
tection and proven Dekoron quality — all at no increase in price. 


Tube up with the best... it costs you less. Tube up with Dekoron 
products — instrument-engineered by instrument engineers. = a-2m 











Improved 
Polyethylene 


GREATER CHEMICAL 
RESISTANCE 


Dekoron Metl-Cor installs in record time because it needs no 
Straightening, bends readily . . . has no “low spots, moisture traps.” 


Number Coding 
INSTALLS FASTER 


Parallel Tubes 
“~NEATER TAKEOFFS 


Core Tubes 
COPPER OR 
ALUMINUM 


quality + research + service 
SAMUEL MOORE & COMPANY ~°* DEKORON PRODUCTS DIVISION - MANTUA, OHIO 
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Ask Your FISHER/MAN How To 
SPEED THE INPUT SIGNAL 


to the CONTROL VALVE 


FISHER 


T¥PE 


543 


ELECTRO PNEUMATIC 
TRANSDUCER 





TYPICAL CIRCUITS 





Actual Internal 


Available with or without 
Looe Caquivomonts Resistance of 


a pneumatic valve positioner Input Current ‘Requireme 
7 : ransducer 


Here’s an electro-pneumatic transducer developed for use in 1 to 5 ma de 3,000 ohms 2,500 ohms 
maximum +125 ohms 


electrical control loops where the final control element is pneu- _— a 
matically operated. Explosion proof design makes it ideal for us¢ 1 to5 madc 12,000 ohms | 12,000 ohms 
r hazardous conditions. Input signals may range from | to 5 + 5% + 50 ohms 
uugh 10 to SO ma.... output from 3 to 15 psi through 6 to a = ; 
n volume relay permits direct operation of the pneu- 10 to 50 ma de 500 ohms 57 ohms 
; 7 : maximum + 4ohms 
ic actuator from the Transducer. No extra relays or boosters 
needed. Relay can be serviced independent of electrical assembly 
Unit is completely reversible by reversing input leads and rezeroing 
eeu bees gin} . 5 PERFORMANCE DATA 





tne 








t-] 











additional information on the Type 543 Electro- 
‘ write Fisher Governor Company. 


.1% of full range 


ou want 
Linearity 


tic Transduce 
Air Consumption Rate...2 SCFH with 15 psi 


TYPE 3541 TYPE 543 TYPE 543 output pressure 


| 
a 


Resolution Sensitivity. . ..05% of input range 
| 
| ii 
| 


} Frequency Response....Complete frequency 
| | response data with 
‘lk J Fisher topworks available 
i 
rt 
Transducer Mounted Transducer Mounted 
on Stand Pipe 











ib 
LJ 


Electro Pneumati 
Controller Mounted on Control Valve 
n Control Valve 


F IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD...CHANCES ARE IT’S CONTROLLED BY 


FISHER GOVERNOR COMPANY 
Marshalltown, lowa | Woodstock, Ontario [| London, England 


CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsylvania SINCE 1880 
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SCANNING \ WHAT’S NEW (Continued from page 10) 


LOAD CELL CALIBRATION FACILITY — The highest capacity 
dead weight testing facility in the world can calibrate load cells under ap- 
plied loads in tension or compression from 0 to 250,000 pounds. This facility, 
which has more than twice the limit of existing equipment is under construc- 
tion at the Baldwin-Lima-Hamilton Electronics and Instrumentation Divi- 
sion. It will calibrate load cells used in both developmental and operational 
firing of missiles. 


OBSERVING THE ASTRONAUT — The bodily responses of a pilot 
during constant, often violent motion can now be recorded with a specially 
designed package of clinical instruments. Developed by Armour Research 
Foundation for the Aero-Space Medical Division of Wright Patterson Field, 
the package will be used in conjunction with a vertical accelerator plat- 
form. Through gruelling vertical motion tests, Air force doctors can simu- 
late, then record the buffeting a pilot experiences in flight of high speed 
aircraft and re-entry from space. 


MIDGET MISSILE MOTOR — A miniature 1 /3-horsepower hydraulic 
motor for controlling missile antennas as they track moving targets, meas- 
ures less than one cubic inch in size. The unit, which has been developed by 
the Bendix Research Laboratories, weighs only four ounces and is barely 
1/100th as large as a conventional electric motor of equivalent rating. It 
develops its output at 6000 rpm continuous speed with a displacement of 
0.02 cu. in. per revolution. 


ENERGY CONVERSION — Further study in direct conversion of heat 
to electric power continues to yield new developments for military and in- 
dustrial applications. 


A cesium cell thermionic converter has produced 90 watts of electric power 
directly from the heat of nuclear fission of uranium carbide and zirconium 
carbide. The series of reactor tests, conducted by General Atomic Division, 
General Dynamic Corporation, are aimed at establishing the feasibility of 
a nuclear thermionic reactor system for both space and land-based applica- 
tions. 


Another recent announcement concerns one of the most efficient thermo- 
electric alloys yet developed, silver antimony telluride, discovered by J. H. 
Wernick of Bell Laboratories. This alloy exhibits a thermal conductivity as 
low as 0.0064 watts/em C at room temperature. Extensive development 
work is now being carried out at Bell on practical devices such as heat-to- 
power converters and localized coolers, especially for miniature electronic 
devices. 
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ElectriK Tel-O-Set—the true 2-wire system 








TAKING 


THE HEAT OFF 


FIELD-MOUNTED 


TRANSMITTERS 





The ElectrikK  Tel-O-Set System takes the heat off field- easily transduced to a standard 3-15 psi pneumatic signa 
mounted instruments by eliminating heat-generating tubes to operate existing pneumati: stems 
and power packs, There’s no external power required at r 
any Tel-O-Set field-mounted instrument. The line powet Q 


connectio ) is made only at the receiver. 


basic circuit used in 7 (/-Set transmitters, receivers, 


controllers and other instruments has been thoroughly 


{ 


proved in thousands of applic itions in the last five vears. 
This cireuit uses a force-balance feedback system to 
Tel-O-Set field-mounted instruments operate on a low 

- : increase the accuracy and the dynamic response of the 
calorie diet of 4-20 milliamps ...less than 0.6 watts. A | 

system by de reasing hysteresis eflects and sensitivity to 
simple two-wire line connects the field-mounted instru- 
2 changes in ambient conditions 

ments with the control room. The two wires carry the 
control signal as well as the power. The d-c transmission lake a new look at your control applications with the 
eliminates klectriK: Tel-O-Set System in mind! Get con plete techni 


avoids stray pickup and phasing problems . . . 
cal data from vour local Honevwell field engineer. Call him 


the need for shielding the line. 
today .. he’s as near as vour phone. MUINNEAPOLIs- 


’ . | 
lhe 4-20 milliamp signal range of the system gives a live Honeywe, 21 Penn Street, Fall River, Mass. 


zero and permits the use of the most reliable transistors 


available. These d-c signals can be fed into data handing Honeywell 


systems and millivolt-actuated instruments . . . ean 


Ts: Hy) tet Cool 


ERING THE FUTURE 


WONEYWELL DIN E 


YEAR 
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ISA Journal 


SCANNING 


ECONOMICS 





Sales and Earnings 


First half earnings of Silicon 
Transistor Corp. reached $.21 a 
share compared to $.12 per share 
loss for the same period in 1959 
when the semiconductor firm 
began operation. 


Systron-Donner Corp. an- 
nounced record earnings of 
$477,000 on record sales of $5.,- 
385,000 for the fiscal year ended 
July 31 


The Victoreen Instrument 
Company had record high net 
sales of $6,093,307 in the first 
half of 1960, nearly double those 
of the first part of 1959. Earn- 
ings after taxes, also a record 
high, were $260,770. 


Hagan Chemicals & Controls’ 
top earnings year was 1959 with 
consolidated sales and revenues 
totalling $39,192,341 or 16.2% 
above those reported for 1958 


Beckman Instruments, Inc. re- 
ported 21% increase in sales, 
75°% increase in net earnings for 
the fiscal year ended June 30. 
Sales totaled $54,257,282, net 
earnings, $3,092,915. 


In its mid-year review, Texas 
Instruments reported that sales 
billed for the first 6 months of 
1960 were $116,051,000 and net 
earnings, $7,921,000. 


General Precision Equipment 
Corp. reported a net income for 
the 6 months ended June 30 of 
$2,467,136, compared with $2,- 
063,121 for the same period in 
1959, an increase of 19.5%. 


Airpax Electronics reports 
second quarter 1960 sales of 
$1,077,000 with earnings equal 
to 17¢ a share. 


Contracts 


International Resistance Co. 
has been awarded a $1 million 
contract to produce new high 
stability, high reliability resist- 
ors for the Air Force’s Min- 
uteman ICBM. Contract was 
awarded by Autonetics Div., 
North American Aviation, Inc., 
associate prime contractor for 
Minuteman’s guidance and con- 
trol system 


The U. S. Air Force has 
awarded a $97,543 contract to 
Ford Motor Company’s Aero- 
nutronic Div. for a high speed 
scanning device 


The Systems Div., Beckman 
Instruments, announced receipt 
of an $800,000 contract from 
AETRON Div., Aerojet-General 
Corp., for 2 analog-to-digital ac- 
quisition and computing systems 
to be used in conjunction with 
Army’s Pershing missile pro- 
gram. 


Minneapolis-Honeywell  con- 
cluded exclusive world-wide li- 
censing agreement with Conti- 
nental Oil Co. to manufacture 
and market a new electrochem- 
ical system for controlling ero- 


sion. 


A $600,910 contract for a data 
acquisition and computation fa- 
cility at the Naval Air Turbine 
Test Station has been awarded 
to Fischer & Porter Co. 


Siegler Corporation’s Halla- 
more Electronics Div. has re- 
ceived a contract for $525,000 
from Martin for instrumentation 
systems for the Titan II ICBM 
at Denver. 


CompuDyne Corp. was award- 
ed a $500,000 Air Force contract 
for a dynamic, controlled loading 
system of 50 channels with a 
40-channel random programer. 
Contract was recently placed by 
WADD, Wright-Patterson AFB. 








Reliability a Reality 
With Bourns Transducers 


In program after program...firing after firing...Bourns 
transducers are surviving the most brutal environmental pun- 
ishment ever inflicted on sensitive instruments. Their ability 
to provide precise indication of position, pressure or accelera- precision transducers. 
tion under any conditions has contributed to the success of 


the most important missile and aircraft programs of our time. 
For engineering that combines design skill with success... 
promise with performance...contact Bourns, the pioneer in 


Pioneers in transducers for position, pressure and acceleration. Exclusive manufacturers of Trimpot®, Trimit® and E-Z-Trim® 
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IF IT DOESN’T FIT 


WHY WEAR IT? 


Our former corporate name, Brooks Rotameter Company, used to be adequately descriptive of us. 
We made rotameters, and that was that. ¢ Now the shoe doesn’t fit so well any more. For now we 
make many diversified flow-measurement instruments. The unique MagPnuTraX' Flow Trans- 


mitter is one example—and other new and advanced designs are on the way. @ So we've decided to 


change our name. From here on out, we'll be known as the Brooks Instrument Company (with an 


“Inc.” added for good measure). ¢© Watch this new name. You'll be seeing it on some of the most 


talked about instruments in the industry. 
INSTRUMENT COMPANY, INCORPORATED 


‘ => B R  @] @] K S 1060 P ST., LANSDALE, PENNSYLVANIA 
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CONTROL APPLICATION No. 4 





Computer Automates 
Army Tank Checkout 


Installation: Frankford Arsenal, United States Army Ordnance Corps., Philadelphia, Pa 


Process: Determination of the “equipment status” of US Army combat vehicles: more partic- 


ularly, an automatic method of acquiring and displaying the existing condition of the 
M48A1 Medium Tank engine and transmission, both in overall performance and part by 
part, under full operation; and the prediction of the remaining useful life of each compo- 
nent. All this without disassembly or removal of any major part 


Control: Test programs (different programs for various type tanks) are stored on magnetic 


tape and transferred into a computer’s drum memory on command. From these data, the 
computer programs the desired performance tests of the tank which is mounted on a 
large dynamometer. Transducers on both dynamometer and tank inform the computer of 
engine and transmission performance. The computer compares actual performance with 
programed performance and types out a complete test history of the tank malfunctions, 
parts to be repaired or replaced, adjustments to be made, etc. Other type tanks can be 
tested merely by changing the program tape. 


Major Equipment: Digital control computer: Libratro]® 500, Librascope Division, General Pre 


The 


cision, Inc.; dual input rate — (1) 75 3l-bit-length data words per second, (2) a total of 
32 31-bit-length data samples at 2000 samples per second, 4,096-word drum storage. Mag- 
netic tape controls: California Computer Products. Magnetic tape transport: Potter 906 
unit, 2,400 foot capacity, 2.5 in./sec write, 5 in./sec read, 100 in./sec search. Time-varying 
signal switching: Cunningham type F, 10x20x6 crossbar. Frequency and time measure- 
ment: special input section, California Computer Products. Output printer: Flexowriter, 
Friden, Inc. Closed-circuit television: General Precision Laboratory 


Problem: At present, army tanks are diag- 
nosed for malfunction or incipient trouble, 
largely with visual inspection, by highly- 
trained mechanics, usually during a complete 
overhaul, The most advanced instruments 
used are simple hand-held meters. Complete 
vehicle evaluation depends on operation over 
a short test track, with heavy reliance on 
audible response the mechanic’s ear. Any 
attempt to quantize these clanks, roars and 
thuds proved impossible, since at full throttle 
and load, the noise level reaches 125 db! 
Component inaccessibility and lack of any 
effective way to dynamically exercise the 
tank made these practices standard. 

These slow, cumbersome and costly trouble- 
shooting methods often tie up half-disassem 
bled tanks for long periods awaiting replace- 
ment parts. A hard-hitting, highly-mobile and 
flexible modern army needs every piece of 
equipment ever ready for full combat duty. 

The problem, then, was to develop a fast 
iutomatic method for determining the operat- 
ing condition of a tank, during actual per- 
formance, without disassembly or removal of 
any major part. And this systematic analysis 
of accurate maintenance data will solve the 
biggest problem of all — What parameters 
define “good” operating condition in a vehicle? 

Figure 1. 96 transducers applied to tank en- 
gine and transmission connect to this port- 
able wheeled fixture. (Artist's conception). 
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Figure 2. Information flow diagram of computer-controlled automatic checkout 
system for army tanks. (Equipment within dashed lines is part of computer.) 


Instrumentation Approach 

The tank checkout system described here resulted 
from development at Frankford Arsenal of a computer- 
controlled automatic checkout system for piece-part 
fault isolation in missiles. The vehicle selected for the 
first project was the M48Al1 medium tank; to further 


narrow the scope, oniy its engine and transmission were 


to be checked 
missile checkout, the heart of the auto- 
nati ; ster is a digital computer. It can measure 
from ] to 10 vde at 2000 conversions and 
retentions per second. An E-put section provides fre 
‘ncy and period measurements. A wait and precount 
mode of operation enables the computer to be 
as a control device 
luded in the computer are an analog-to-digital 
ter for changing transducer voltages into digit 
commutator capable of handling 240 separat 
ransducer lines 
Switching for up to 550 inputs is done through instru 
nent-type crossbars and mercury-wetted relays. Ex 
rnal control is by switch closures and programabl 
ntrolled voltages. Either an absolute or relative-time 
can be used for measurement 
xtreme versatility of a digital computer is ad 
us: the same basic system can check out and 
any whee/ed or tracked vehicle or mechanical 
dic ystem, with but minor modifications 
expandability is enough to handle any en 
ind even though the selected con 
current state-of-the-art standards 
of the time. The inherent decision 
the digital computer permits use of 
ic subroutines to pinpoint Ma 
laceable part level (Figure 3 


] 
lfu tlior 
itunction 


mechanic in diagnosing tank malfunctions. From lab 
oratories, field reports and component makers, all 
measurements which might indicate malfunction were 
listed. This list was reduced by accessibility studies and 
substitution of indirect for direct means where neces 


sary 


Transducers use the variable-resistance principle 
} f 


where possible (Figure 5); but due to the variety of 
parameters, five measuring principles are used 


For analysis, the engine was divided into six systems 
intake, ignition, batteries, generation, lubrication, and 
cooling. Certain other basic control measurements fed 
back to the computer insure that the desired speed and 
load conditions have been met 

A confidence figure of 90% was selected for a design 
objective for the overall checkout system, which re 
quired + to 5% individual measurement accuracy 

\ major problem was placing of transducers on the 
test vehicle without making permanent modifications, 
and with minimum parts removal. Although the lower 
part of the engine is completely inaccessible, this wa 
accomplished with only minor changes. All tests are 
performed with components in their normal operating 
position and condition. Temperature, level and vibration 
transducers are introduced through oil filler and dip- 
tick openings 

As an example of ingenious use of transducers and of 
the thoroughness of the engine analysis: a magneto 

trictive pickup is placed on a cam-lever hold-down bolt 

of each cylinder. Its output, fed through a clipping 
diode and integrating circuit results in pulses which 
indicate valve closures; and when referenced against 
the degree markers from the crankshaft position indi- 
ator, yield valve timing to + 1 angular degree! Com- 
parison of individual pulses indicate valve hang-up 
pulse displaced in time), valve rotation and/or clear- 
ance (variations in pulse amplitude) and weak or 
yroken valve springs (double pulses or excessive pulse 
width ) 








Oil flow through the oil cooler is measured without to isolate a single bearing as a potential trouble source, 
breaking into the oil lines. By means of the Hall effect, and so notify the mechanic. 
electrical current is measured without breaking into 
the circuits. Air velocity is gaged by insertion of a 
hot-wire anemometer; oil level with a special dipstick. 
Cooling-fan speed is taken without physical contact by 
a proximity pickup; engine speed by an induction pickup 
near a spark plug. Oil consumption may be measured 
by radiation tracer techniques; hydrophones can sense 
engine bearing condition. 


Checkout procedures for other kinds of vehicles can 
be made merely by recording a new program on mag- 
netic tape. The operator has only to identify the type of 
vehicle to be checked, and feed into the computer the 
proper program from the proper reel of tape. Such a 
system does not become obsolete, but needs only new 
programs to test new vehicles 


‘ 


A unique feature of the tank tester is its ability to 
How A Test Is Made check itself. Each time it spots a malfunction, it auto 
matically bypasses the commutator and converter and 
In a readying area, 96 transducers are applied to the substitutes the known measurement (programed in) as 
tank and connected to a special instrumentation buggy a check on the control equipment itself. This eliminates 
(Figure 1). Time: approximately 30 minutes. (Several possibility of a false report of malfunction when none 
extra sets of transducers will be provided so vehicles exists. 
can be readied before going on the dynamometer.) 
Then the instrumented tank is driven onto a dynamom- 
eter where it is put through all types of running con- 
ditions under checkout system control. Transducer This automatic tank checkout system greatly improves 
signals (430 different measurements), fed into the maintenance depot management. Because it is known 
computer via the commutator and converter, are com- what service and parts will be needed before tear-down 
pared with the stored program, and the results placed tanks can be scheduled through the shop so as to maxi- 
in the drum memory. When the test is completed (2 to 3 mize use of available facilities and minimize out-of- 
minutes), these results are typed out by the Flexo- service tanks due to out-of-stock parts. Unnecessary 
writer a complete test history of the tank: malfunc- teardowns and rebuilds are avoided entirely. And, by 
tions, parts to be repaired or replaced, adjustments eliminating human diagnosis, the necessary skill of the 
needed even specific repair instructions for the mechanics is reduced 
mechanic! Vehicles now can be checked out a second time after 
Eventually, so thorough is the system, it will be able repair or rebuild to completely assure that all scheduled 


Benefits 


Figure 3. A sample of the diagnostic program followed by the computer in testing the tank engine. 
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Figure 4. Control con- 
sole of the automatic 
tank checker. Left to 
right: indicating digital 
readout, electric type- 
writer, operating con- 
trols, and closed-circuit 
television giving oper- 
ator a review of the 
remote test area. 


and that the tank truly i Eventually the computer, in addition to finding and 

reporting malfunctions, will point out other data — 

of computer controlled check the ultimate being a completely automated maintenance 

the large mass of data con- facility. Already being accumulated are such “book- 

results. It can discover those assem- keeping” data as number of vehicles tested, number of 
which most often fail or malfunc- malfunctions per specific part, etc. From such data, an 
combined with records of field failure added output could create complete work orders for 
will provide longevity tables the mechanics, or provide a complete computerized 


assembly or piece-part. This parts inventory control the possibilities are almost 


better or more frequent main limitless 

ly to better original specifications And this svstem of automatic tank checkout can be 
coupled with Truth Tables (lists of applied to any vehicle. By proper programing and adap 
nbinations through which alternate meas tion of the transducers it could be used for fleet auto 
will eliminate all but the faulty par mobile, taxi and truck maintenance; by airlines for 
ld show for how long the test vehicle engine, electrical and hydraulic system checkout; by 
atisfactorily, and just when certain industrial and marine engine makers and repair shops; 
ve replaced. By thus predicting and by diesel locomotive builders and railroad shops 
this automatic checkout system Eventually, on a pool basis, it might even be adopted 

of preventive maintenance for service checkout of your own car! 


y Y » 
Vhat Next? Acknowledgment. This article is based on material supplied by 
Albert Chalfin, project engineer, and Raymond Brachman, tech- 
teps In ‘rfecting the tank checkout system: ical director, Automatic Checkout Research & Development 
the mber f components tested: 2. refine Group, Frankford Arsenal, Philadelphia, and by Paul S. Askren 
: : senior systems engineer, Librascope Division, Burbank, Calif 
for better performance indi- and from paper NY60-61, “The Concept of Equipment Status 
ransducers: 3 simplify and “rug- Indication Applied to Combat Vehicles by G. R. Staton, me- 
, chanical engineer, Frankford Arsenal, ISA National Conference, 

for field use New York City, 9/26-30/60 (preprints available) 


Figure 5. Measurement transducers used in automatic tank checkout system 





| a SENSOR NUMBER MEASUREMENT SENSOR PURPOSE OF 
SUBSYSTE*1 LOCATION OF POINTS PRINCIPLE TYPE MEASUREMENT 
| Temperature Spark Plug Insert 24 Variable Resistance Special Probe Cooling and Power 
| System.Analysis 
Oil Cooler Lines 2 Variable Resistance External Clamp-On Lubricating System Analysis 
Oil Sump Variable Resistanc Immersion Probe Lubricating System Analysis 
and Safety Monitor 
Carburetor Intake 2 Variable Resistance Immersion Probe Correction Factor 
Ambient Variable Resistance Immersion Probe Correction Factor 
Fuel Line Variable Resistance Immersion Probe Correction Factor 
Intake Manifold 4 Variable Resistance Potentiometer Intake System Analysis 
Oil Galleys Variable Resistance Installed Lubricating System Analysis 
Sending Unit and Safety Monitor 
Ambient Variable Resistance Potentiometer Correction Factor 
| Breathing System Variable Resistance Potentiometer Engine Wear (Blowby) 
| Vibration Valve Cover 2 Magnetostrictive Special* Valve Action Analysis 
Oil Sump Piezoelectric Hydrophone Internal Malfunction Isolation 
Accessory Case : Piezoelectric Accelerometer Internal Malfunction Isolation 
Battery Cable Hall Effect* Special* Batteries and Generating 
Clamp-On System Analysis 
Battery Cable None Direct Tie-In Batteries and Generating 
System Analysis 
Ignition rerminal Block Special Filter Circuit* Direct Tie-in ignition System Analysis 
Flow Fuel Supply Line Turbine Magnetic Intake System Analysis 
Oil Cooler Temperature Drop* Special* Lubricating System Analysis 
Carburetor 2 Variable Resistance Flow Tube Intake System Analysis 
| Air Intake 
| Position Crankshaft Photoelectric Special Time and Trigger Base 
| Crankshaft Magnetic Tachometer Basic Control 
Speed Sprocket - Magnetic Tachometer Basic Control 
Engine Cooling Fan 2 Variable Resistance Special* Cooling System Analysis 
| Velocity Oil Cooler Fan Variable Resistance Special* Lubricating System Analysis 
Level Dipstick Variable Resistance Special* Engine Wear 
(Oil Consumption) 
| iorque Dynamometer 2 Variable Resistance Load Cell Basic Control 
Horse Power Dynamometer Computed Circuit Basic Control 
| Humidity Ambien Variable Resistance Special* Correction Factor 


;*l le Develop? nt odificatior kford Arsenal 














The compact SENSAIRE Transmitter measures only 7% 


si 
x 4% 


of application. 


/ 


734" Interchangeable, all-welded thermal system. 8/- Metal 


x 4%". Weighs only 7 lbs. Suitable for many types 


New from Taylor... GAS-ACTUATED 


case compensation. Especially desirable on low tempera- 


ture applications and where mercury is not acceptable. 


SENSAIRE TRANSMITTER 


This new version of the time-proven SENSAIRE Transmitter 


makes low-cost temperature measurement available for those 


applications where mercury actuation is not acceptable. A 


force-balance type transmitter, No. 202TG is compact, sturdy 
and extremely dependable. Adjustments are simplified; repeat- 


ability is excellent. 


Ask 


Available in 3 range spans. 100°F., within limits of minus 400 °F. 
to +300°F.; 200° and 400°F, within limits of minus 400°F. to 
+1000°F, 

Maximum overrange protection — 100% of range span above op- 
erating range. 

Calibration accuracy within 1% of range span below 550°F.; 11% 
above 550°. 

Ambient case temperature limits—minus 30 
Air supply— 20 psi recommended; 25 psi maximum. 


to +150°F, 


Air consumption—0.4 scfm. 
Bulb size— 11/16’ x 544”. (Optional capillary bulb gives tempera- 


ture averaging effect. Permits variable immersion with no loss 
of accuracy.) 


your Taylor Field Engineer, or write for Bulletin 98293. 


Taylor Instrument Companies, Rochester 1, New York, and 


Toronto, Canada. 


aylor [nstruments MEAN ACCURACY FIRST 
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Easy to install. Mounts in any position. Universai 
bracket provides for direct mounting on pipe, 
wall or wrench head of well or separable bushing. 





SHAFTS 

















For the 
exacting needs 
of exacting 


instrumentation 


Gillen instrument pivots 

re precision-machined 
from high grade carbon 
tool steel, heat treated 
for glass-hard bearing 
points, highly polished 
ind ready for assembly. 


Write for complete information 
Samples /Sizes /Prices 


é: JOHN GILLEN COMPANY 
Sf subsidiary of 


STANRAY CORPORATION 


2544 South 50th Avenue 
Cicero 50, Illinois 
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Respiration Research 


A British designed electro- 
meter has enabled Dr. William 
S. Yamamoto of the Pennsyl- 
vania University Medical Col- 
lege to measure changes in blood 
pH as small as 0.003. The in- 
strument was devised by Elec- 
tronic Instruments, Ltd., Rich- 
mond, Surrey. Through such re- 
search, Dr. Yamamoto hopes to 
determine “how our bodies reg- 
ulate breathing to suit physio- 
logical demands.” 


1. L. Auerbach Heads IFIPS 


ISA man Isaac L. Auerbach, a 
pioneer in the computer field, 
has been elected president of the 
International Federation of In- 
formation . Processing Societies 
during a_ recent Federation 
meeting at the Provisional Com- 
putation Center, Rome. As U.S 
representative to IFIPS, Mr 
Auerbach was official delegate 
of the IRE, AIEE and ACM. 

Delegates from 11 member na- 
tions of IFIPS met to plan the 
1962 International Conference 
on Information Processing to be 
held in Germany, and to pre- 
pare global coordination of the 
rapidly growing field of infor- 
mation processing. 

The president of Auerbach 
Electronics Corp., Mr. Auerbach 
was responsible for organizing 
IFIPS as a result of the UNES- 
CO-sponsored Paris Internation- 
al Conference on Information 
Processing held last year. He 
was awarded the Grand Medal 
of the City of Paris for his work 
in organizing this conference. 


Automatic Control Committee 


The National Research Coun- 
cil of Canada has formed an as- 
sociate committee to deal with 
national problems in the auto- 
matic control field. The group 
will coordinate university, in- 
dustrial and government inter- 
ests in control theory and prac- 


SCANNING 


INTERNATIONAL 





tice. Dr. J. Ham, professor, elec- 
trical engineering, Toronto Uni- 
versity, is chairman. 


U.S.-Japan Power Standards 


The National Bureau of Stan- 
dards has completed 4 addi- 
tional intercomparisons of mi- 
crowave power standards with 
Japan in accordance with recom- 
mendations of the International 
Scientific Radio Union. The in- 
tercomparisons, made by NBS’s 
Radio Standards Lab, show 
closer agreement than _ those 
made in 1958 with Britain. 


EEC Trade Increase 


Value of trade among Com- 
mon Market countries in 1959 
was over $8,077 compared with 
$6,787 in 1958, $7,030 in 1957. For 
the first quarter of 1960 trade 
was 40‘: higher than the same 
period in 1959. 


U.S. Firms Abroad 


Hallikainen Instruments 
reached an agreement with El- 
liott-Automation Ltd., London, 
to form a new subsidiary com- 
pany there. The English firm is 
the largest European manufac- 
turer of computers. 

Polarad Electronics Corp. has 
formed a manufacturing facility 
in Montrouge, a Paris suburb. 
The new subsidiary will manu- 
facture Polarad’s industrial line 
of microwave instrumentation 
for the European Common Mar- 
ket, maintaining close contact 
with new French techniques in 
the millimeter range. 

Laboratory For Electronics, 
has acquired an interest in Seg- 
nalemento Marittimo ed Aereo, 
S.p.A. (SMA), Florence, through 
arrangement of the Italian Min- 
istry of Defense, Navy, and Bar- 
bier Benard & Turenne, Paris 
Liaison with SMA, established 
in 1943 for marine signalling 
equipment for the Beacon serv- 
ice, will be directed by LFE’s 
International Division. 








You Get More Than Just a 
Valve When You Buy BS°B’s 


"7O 


Specification of BS&B Super 70 Diaphragm 
Control Valves on your next job will assure you 
of getting all of the following: 


1. High Quality Product...The BS&B Super 
70 Diaphragm Control Valve has high effici- 
ency and stability. In addition to thousands of 
hydraulic flow tests performed in the labora- 
tory, analysis of operating data gathered from 
Super 70’s on stream in customer plants sub- 
stantiate their excellent performance. 





2. Application Engineering ...Today’s com- Clamp Ring — 
Float Ring Closure 


plex processing problems require detailed anal- 
ysis to determine proper instrumentation and 
control applications ...accurate control valve 
sizing. This is a regular service to Super 70 
customers. 


3. Start-up Assistance... After helping cus- 
tomers select the right valve for a specific job, 
BS&B follows thru by assisting at plant start- 
up time. 


4. Time-saving Scheduled Maintenance . 
With the patented clamp ring—float ring clo- 
sure, valve maintenance can be done in a frac- 
tion of the time required by conventional type 
valves...an economic must in future valve Flanged rat 
specifications. Gasket Closure 


sone aw 





BS&B Super 70 Valves are available in 
either clamp ring—float ring, sealed bonnet 
or flanged-gasketed body closures. Which- 
ever type you choose, when they’re “on 
stream” you'll know that they’re exactly 
right for the job. 

Call your nearest BS&B office or representative 
now to discuss your present and future valve re- 
quirements. Or if you prefer, write for detailed 
information. 


a 
/ 
Qy st! 
he per 
R EXAMPLE of propuct HEA 


Brack, SIvVALLS & BRYSON, INC. 


Controls Division, Dept. 4-EH10 
7500 East 12th Street Kansas City 26, Missouri. 


— a 
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A GREAT NAME IN THERMOMETERS 
SCANNING 


| 
ARTIFICIAL NEURONS 


PALMER 





Mercury Actuated 
Temperature Indicating Instruments 


A—4¥2” DIAL THERMOMETERS: Made in 3 types 
to suit any requirements. Rigid stem, wall or 
flush mounted, 11 inches of scale reading. In- 
terchangeable with standard industrial separ- 
able sockets. Stem can be placed at any angle 
and case can be rotated to any readable 
position 
B—RECORDING THERMOMETERS 
die-cast aluminum case with black finish. Single 
or multiple pen construction. Electric or spring 
wound clock, 24 hour or 7 Day Revolution. Flex 
ible Armor and bulb of stairless steel. Ranges 
40 +950° F or Equivalert in °C 
C—INDUSTRIAL THERMOMETERS: Red-Reading 
Mercury—Extruded brass case—chrome finish 
Ranges: —40 + 950° or Equivalent in °C 
D—RED-READING MERCURY LABORATORY THER- 
MOMETERS: Thoroughly annealed for permanent 
accuracy. Complete line A.S.T.M. and fractional 
division types. 


Twelve inch 


FOR COMPLETE INFORMATION WRITE FOR CATALOG 
Ro ARE RRR RR ARTE 


PALMER THERMOMETERS, INC. 


Cincinnati 12, Ohio * MElrose 11500 
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Figure 1. Magnetic 
core for the electronic 
“neuron”, 


Developing the ‘‘MIND’’ 


A small, doughnut-shaped elec- 
tronic “neuron” artificially du- 
plicates portions of the human 
nervous system and even carries 
out learning processes. Develop- 
ed by Aeronutronic, a Division 
of Ford Motor Company, New- 
port Beach, California, the MIND 
(Magnetic Integrator Neuron 
Duplicator), as the device is 
called, “stores” or “remembers” 
past events by increasing or de- 
creasing the flux in a magnetic 
circuit. 

Only about one-fourth the size 
of a penny (Figure 1), the MIND 
is composed of a magnetic core 
having an inner channel through 
which wires are strung. The core 
is capped with a metal washer 
and again wound with wires. An 
entire series of core-memory 
contents are read simultaneously 
at electronic speeds. In this way 
the sum total of past experiences 
controls the “decision response” 
made by a network of these ele- 
ments. (Figure 2). 


According to Joseph K. Hawk- 
ins, who directed MIND devel- 
opment work, the device is mod- 
eled after the synaptic junction 
found in ‘human and animal 
nervous tissue. This junction, a 
relay point for passing signals 
from one nerve cell to another, 
is like a door which enables 
someone to pass from one room 
to another, then closes to pre- 
vent others from entering. Simi- 
larly, the synaptic junction se- 


lectively signals 
from one nerve cell to another. 
Although the low cost and 
high speed of the new magnetic 
device make possible the build- 
ing of larger artificial nerve nets 
than ever before, the building of 
anything even approaching the 
complexity of the human brain, 
with its 10-billion neurons, is 
still a long way off. An equal 
number of these artificial neu- 
rons, stacked one atop the other, 
would extend 80,000 miles! 
During tests, the MIND 
“learned rules” for giving correct 
answers in coded language 
to a limited number of electron- 
ically stated problems. The prob- 
lems also could be posed visually, 
by sound, or by other signals cor- 
responding to the human senses 


passes certain 


Figure 2. Artificial “nerve nets” 
are built by combining the indi- 
vidual MIND elements. Transis- 
tor circuits are used with them 
to help carry out decision-making 
functions. 








on RCA... 


3 NEW Electronic Systems that 
Advance Industrial Automation 


RCA Industrial Electronic Control is industrial dynamism of a higher 
order—a new electronic control of production operations resulting in a 
smoother flow through the plant, a bigger yield, and a degree of efficiency 
never before attainable. 


Systems capabilities range from simple automatic monitoring to complete 
real-time control of a complex automated operation spread over a 
wide area. There are now three RCA Industrial Electronic Control 
Systems available: 


The RCA-110 Industrial Control Computer System— Specifically designed 
for industrial applications to provide around-the-clock operating reliability, 
highest arithmetical speed and lowest cost installation. Solid state 
design, core and random access drum memory. Computer built for 
industrial environment. 


The RCA-130 Industrial Data Transmission Link— Removes the limita- 
tion of distance in an automatic monitoring or contro] system. Provides 
reliable on-line, real-time transmission of analog or digital information 
via wire or radio, one-way or two-way. 100% checked. 


The RCA-150 Industrial Data Analysis and Recording System— Pro- 
vides high-speed, automatic monitoring and analysis of process and 
production status—plus computational capability for summarizing, aver- 
aging, totalizing and linearizing. 


These new RCA systems incorporate industrial thinking as advanced 
as the electronic design of the equipment itself. The new concepts 
may well be of paramount importance to the future of your business. 
RCA Industrial Electronic Control Systems are available with Foxboro 
and other instrumentation. 


For special industrial control problems, Custom Systems can be supplied 
to fit your exact needs. 


To tell you how this modern kind of industrial automation works and the 
many things it will do, would fill a book. You will want to get the full story 
in person. Ask your nearest Foxboro representative or write — Industrial 
Computer Systems Department, Electronic Data Processing Division, 
Radio Corporation of America, 21 Strathmore Road, Natick, Mass. 


AUTOMATIC 
PROCESSING 


The Most Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 
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Contro/s for a 1,260,000 /b/hr boiler are housed on a 36” wide console* 





Centralized control space-saver 
_.. the POWRMAG REMOTE CONTROL STATION 


Easy to operate, and featuring front 

mounting and removal, the Powr- 

Mag Remote Control Statioi: is ideal 

for the compact consoles demanded 

by centralized control. Here are some 
of the facts on PowrMag: 

FULL STATION—size 24” x 5%”. 
Asshown above, containsset point, 
bias or ratio dial, manual/auto- 
matic switch, manual control dial, 
output signal and null indicators. 

HALF STATION—size 24” x 3%”. 
With set point, bias or ratio dial, 
plus output signal indicator 


BUMPLESS TRANSFER 


” 


Simple 


adjustment of null-indicator pro- 
vides bumpless transfer from 
Manual to Automatic or back. No 
operator memory is required. Out- 
put signal indicator shows valve 
or other control element position. 
FRONT MOUNTING AND REMOVAL 
—Makes unit easy to check or 
change. AN-type connector, and 
12-wire color coded cable makes it 
easy to interconnect system. 


The complete system includes Powr- 
Mag Control Units and PowrMag 
Patchboards. Control units consist 
of operational magnetic amplifiers 


together with interchangeable reset, 
rate and other circuit packages to 
perform all control functions. Patch- 
boards interconnect the system in 
no solder con- 
all con- 


any desired manner 
nections or terminal boards 
nections are made by special taper pins. 

A letter or phone call will bring 
you more information on reliable, 
space-saving PowrMag. Ask for Bul- 
letin MSP-163. 


CHEMICALS & CONTROLS, INC. 
HAGAN CENTER, PITTSBURGH 30, PA. 


*Name 


mn request 


HAGAN DIVISIONS: CALGON CO. « HALL LABORATORIES « BRUNER CORP. 
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“a ON THE MOVE 


Expansion 


Foxboro Co. has moved its 
7-state sales and service head- 
quarters to Chamblee, Ga., in- 
dustrial suburb of Atlanta. 

Measurement Control Devices, 
new subsidiary owned by 
Schaevitz Engineering, will de- 
sign and develop instruments 
and systems for dimensional 
control and measurement appli- 
cations. 

New Special Systems Div. of 
Minneapolis-Honeywell will be 
headquartered at Pottstown, Pa. 

Ground has been broken for 
the new $3 quarter million 
Space Instrumentation Center, 
Vector Manufacturing Co., Tre- 
vose, Pa. 

New Systems Div. has been 
formed at GPL Div., General 
Precision, Inc. with responsibil- 
ity for all major systems 


Mergers & Acquisitions 


B & H Instrument Co. and 
Howell Instrument Co. have 
combined under the new name, 
Howell Instruments, Inc. 

Applied Electronics Corp. has 
purchased as a wholly-owned 
subsidiary, Flight Electronics, 
Corp. 

Astro-Science Corp., Los An- 
geles electronics manufacturer, 
announces acquisition of Con- 
certone Div. of American Elec- 
tronics, Inc. 

Model Engineering and Man- 
ufacturing Corp. (MEMCOR) 
has acquired controlling interest 
in Montek, Inc. 


Briefs 


Over 1500 people have been 
added to Minneapolis - Honey- 
well’s Datamatic Div. since the 
first of the year. Total 1960 em- 
ployment is expected to number 
2600 compared to 900 at the be- 
ginning of the year. 

Illinois Testing Laboratories 
Inc. will now be called Alnor 
Instrument Co., Div. of Illinois 
Testing Laboratories. 
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NEED A TAPE RECORDER? 


CEC has five new recorders and more coming xg 
soon! For 14-channel record and reproduce 20 
capability in an instrument with all solid-state - 5 
electronics, look into the new PR-2300 Port- 

able Recorder —it goes anywhere in just 30” 

of vertical RETMA rack space. 


CEC’s new DR-2700 Digital Recorder/Repro- 
ducer is 100°7 transistorized with tape speeds 
to 150 ips and command rates to 200 per 
second, with unrestricted programming. 


And here’s a new improved version of CEC’s 
most famous Recorder/Reproducer ... the 
GR-2500. It handles Analog, 

FM, PDM, CM, and digital 

modes, has interchangeable 

plug-in amplifiers. 


Engaged in critical data ana- 
lysis? Rely on CEC’s new 
GL-2510 Continuous-Loop Re- 
corder / Reproducer — with 14 
Analog, FM, or PDM plug-in 
amplifiers and six tape speeds 
from 1% through 60 ips. 


Completely mobile and ideal 
for airborne use, the new 
AR-2100 Recorder provides 
14 channels in Analog, FM or 
PDM modes...allin a rugged, 
lightweight die-cast case. 


Rounding out CEC’s line of tape instrumenta- 
tion equipment is the 5-055A Automatic 
Tape Degausser. This new unit accepts 
reels from 7” to 14” dia. and widths from 
4” to standard 2” TV tapes. Erases to -70 db. 


FOR MORE INFORMATION: PR-2300 Portable Recorder — Bulletin 
CEC 2300-X7; DR-2700 Digital Recorder / Reproducer — Bulletin CEC 
2700-X3; GR-2500 Recorder /Reproducer — Bulletin CEC 1576-X3; 
GL-2510 Continuous-Loop Recorder /Reproducer — Bulletin CEC 
2510-X3; AR-2100 Mobile & Airborne Recorder — Bulletin CEC 2100-X3; 
and 5-055A Automatic Tape Degausser~— Bulletin CEC 1631-X3-—or call 
any CEC sales & service office. 


) DataTape Division ( OF 


CONSOLIDATED ELECTRODYNAMICS / — california 


aia) 


Belle Howell = (wer Pa ( YING 











SCANNING/COMING EVENTS 





Papers Solicited for 1961 Conferences and Symposia 


ISA members and others are invited to contribute papers for consideration by program committees 
for all 1961 ISA conferences and symposia. Generally. qualifying abstracts of about 300 words should 
be submitted no later than four months before any specific meeting. (For the Winter Instrument- 
\utomation Conference in St. Louis, abstracts should be sent to John Opie at once.) Abstracts should 
be submitted directly to the appropriate conference or symposium program coordinator or chair- 
man. All coordinators and chairmen for 1961 ISA meetings are listed below. If the name of a pro- 
gram chairman is not known, qualifying abstracts may be sent to the Headquarters Meetings Manager 


for referral to the proper person. Address Meetings Manager. ISA. 313 Sixth Ave.. Pittsburgh 22. 


Date 


January 16-19, 1961 


March 27-31, 1961 


April 17-19, 1961 


May 1-4, 1961 


May 8-10, 1961 


May 10-12, 196 


June 13-16, 1961 


June 28-30, 1961 


July 9-14, 1961 


ptember 11-15, 1961 
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Conference and Location 


ISA Instrument-Automation Winter 
Conference & Exhibit. St. Louis, 
Mo., Sheraton-Jefferson & Kiel Au- 
ditorium 


3rd Symposium on Temperature—Its 
Measurement and Control in Science 
& Industry. Columbus, O., Veteran’s 
Memorial Hall & Deshler-Hilton 
(Sponsors: ISA, NBS, AIP) 


7th National ISA Symposium on In- 
strumental Methods of Analysis. 
Houston, Texas, Shamrock-Hilton. 


7th National Aero-Space Instrumen- 
tation Symposium. Ft. Worth, Texas 


4th National ISA Power Instrumen- 
tation Symposium. Chicago, III., La- 
Salle Hotel 


Pulp and Paper Instrumentation 
Symposium Green’ Bay, Wisc., 
Northland Hotel. (Sponsors: ISA, 
TAPPI) 


10th National Telemetering Confer- 
ence. Chicago, Ill. (Sponsors: ISA, 
ARS, AIEE, IAS, IRE) 


ISA Summer Instrument-Automa- 
tion Conference & Exhibit. Toronto, 
Canada, Queen Elizabeth Hall. 


3rd Biennial International Gas Chro- 
matography Symposium, East Lans- 
ing, Mich., Michigan State U 


2nd Joint Automatic Control Con- 
ference. Boulder, Colo., University 
of Colorado. (Sponsors: ISA, AIEE, 
AIChE, ASME, IRE) 


4th International Conference on 
Bio-Medical Electronics & 14th Con- 
ference on Electronic Techniques in 
Medicine & Biology. New York 
City, Waldorf-Astoria. (Sponsors: 
ISA, AIEE, IRE) 


ISA Fall Instrument-Automation 
Conference & Exhibit, 16th Annual 
Meeting. Los Angeles, Calif., Sports 
Arena. 


22. Fa. 


Program Contact 


John V. Opie, Mallincrodt Chemical 
Works, Uranium Div., P. O. Box 
472, St. Charles, Missouri 


C. L. Roberson, Owens-Corning Fi 
berglas, Head, Mechanical Res 
Dept., Research Center, Newark, 
Ohio. 


M. D. Weiss, Union Carbide Olefins 
Co., Special Instrumentation Dept., 
South Charleston, West Virginia 


Walter J. Gabriel, Group Engr., Con- 
vair Div., General Dynamics, Ft 
Worth, Texas. 

H. A. Van Wassen, Duquesne Light 
Co., 435 Sixth Ave., Pittsburgh 19, 
Penna. 


J. W. Replogle, Jr., Senior Project 
Engr., Panellit Service Corp., 7401 
N. Hamlin, Skokie, II 


A. H Freilich, Chrono-Log Corp., 
P. O. Box 4587, Philadelphia 31, Pa 


J. S. Bennett, 160 Calvington Dr., 
Toronto, Ontario, Canada 


J. E. Callen, The Proctor & Gamble 
Co., Miami Valley Labs., P.O. Box 
175, Cincinnati 39, Ohio. 


H. M. Paynter, Massachusetts Insti- 
tute of Technology, Cambridge 39, 
Massachusetts 


Dr. R. L. Bowman, Dept. of Health, 
Education & Welfare, Public Health 
Service, National Institutes of 
Health, Bethesda 14, Maryland. 


John E. Witherspoon, 7107 Penfield 
Road, Canoga Park, Calif 


(Please Turn to Page 33) 





IRON-CONSTANTAN TYPE J 
DEGREES FAHRENHEIT 
MULTIPLY BY 100 
PART NO. $2000 - 19 


WHEELCO “DOUBLE-O” 





Behind this dial, Wheelco presents a new instrument line at 
industry’s most attractive price .. . the Double-O Models Recording and 
Indicating Controllers. Wheelco has integrated the most popular and the 
same famous Wheelco quality features into one full-size (not a miniature) 
electronic potentiometer controller line. And now, a volume production 
savings is passed on to you. Write today for complete details. 


Wheelco Instruments Division 


oo EAM! BARBER-COLMAN COMPANY 


QUALITY Dept. J, 1542 Rock Street, Rockford, Illinois, U.S.A. 


BARBER-COLMAN of CANADA, Ltd., Dept. J, Toronto & Montreal * Export Agent: Ad Aur 
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Scanning/Coming Events, from Page 30 


Instrumentation Aids 
Medicine and Biology 


The 13th Annual Conference 
on Electrical Techniques in 
Medicine and Biology, jointly 
sponsored by IRE, ISA and 
AIEE, will feature 51 papers 
highlighting recent broad ad- 
vances in medical electronics. 
The Conference will be held at 
the Sheraton-Park Hotel, Wash- 
ington, D.C., October 31, Novem- 
ber 1-2, 1960. 

In eight sessions, over 90 in- 
ternational authorities will dis- 
cuss developments in analytical, 
instrumentation, and electroana- 
lytical methods, digital compu- 
ters and other topics. 

ISAman Dr. R. L. Bowman, 
National Institutes of Health 
(NIH), is chairman. 


Monday, October 31 


ANALYTICAL METHODS & 
INSTRUMENTATION 
Chairman, R. | 3owman, NIH, Bethesda 
Md 

Techniques for Obtaining Absorption 
Spectra on Intact Biological Samples, 
K. H. Norris, W. L. Butler, U.S. Agric 
Dept 

Range Compression Photometers, B. H 
Armbrecht, Food and Drug Admin 


Electrostatic Storage of Spectral Data, 
R. L. Bowman, NIH 

Gas Chromatograph Detector Based on 
Measurement of Velocity and Attenu- 
ation of Ultrasound, F. W. Noble, NIH 

SARA (Still Another Response Averager), 
J. F. Davis and W. R. D. Ross, McGill 
University 


ELECTROANALYTICAL METHODS 


Chairman, R. H. Shepard, Johns Hopkins 
University 

Gas Diffusion Limited Measurements, R 
H. Shepard, Johns Hopkins University 


Cardiac Indicator Dilution Curves with 
Intravascular Electrodes-——an AC Polar- 
ographic Method, P. L. Frommer, W. W 
Pfaff and E. K. Carney, NIH 


Polarographic Skin Oxygen Electrode, R 
Penneys, Hospital, Penna. Univ 


Application of Magnetic Resonance in 
Biology, R. S. Codrington, Schlumber- 
ger Corporation 


Liquid Flow Measurement by NMR Meth- 
ods, V. Kudravcev, R. L. Bowman, NIH 


Glass Membranes for Concentration-Po- 
tential Cell, I. Levin, Walter Reed Army 
Institute of Research 


Cathode-Ray Polarography, W. Lebowitz 

Standard Scientific Co., S. Lewin, NYU 
Tuesday, November | 
INSTRUMENTS 


Chairman, R. Jonnard, Prudential Insur- 
ance Company 


Improved Instrumentation for the Meas- 
urement of Osmotic Concentration, R 
Pasternak L. E. Hiam Stanford Re- 
search Inst H. C. Ehrmantraut, B. D 
Marshall, W. E. Walker, Mechrolab, Inc 


Chopper-Stabilizer Wide Band Electro- 
meter Preamplifiers, J. W. Moore and 
J. H. Gebhart, NIH 


4-Kilowatt Radiant Source for Medical 
Research on Burns, D. W. Hargens, The 
Franklin Institute 


A High Power Corona-Type Loudspeaker 
for Animal Studies, E. Ackerman, Mayo 
Clinic, A. Anthony and F. Oda, Penn- 
sylvania State University 


Implant Glass Dosimetry, S. J. Malsky 
C. G. Amato, B. Roswit and C. B. Reid 
Veterans Administration Hospital 


Biomedical Aspects of Microwave Irradi- 
ation in the Mammal, S. M. Michaelson 
R. A. E. Thomson and J. W. Howland 
University of Rochester 


DIGITAL COMPUTERS 


Chairman, G. N. Webt Johr Hopkir 
University 


Introduction to Digital Computers and 
Automatic Programing, R. S. Ledley 
National Science Foundation 


The Use of Computers in Medical Re- 
search at the National Institutes of 
Health, N. Z. Shapiro, NIH 


Problems Arising in the Digital Interpre- 
tation of ECG Data, R. J. Arms, NBS 


Recording of Bioelectronic Signals for 
Digital Computer Analysis, H. Zimmer 
Georgetown University Hospital 


A Digital Computer Program for Simulat- 
ing Chemical and Biological Systems, 
D. Garfinkel, Penna. Univ 


Computer Simulation of Reactions be- 
tween Bound Chemicals, D. Irving, P 
Markstein and J. D. Rutledge, IBM Re- 
search Center 


Automatic Programing to Assist Simula- 
tion, J. B. Wilson, NSF 


TELEMETRY OF PHYSIOLOGICAL 
DATA LONG AND SHORT RANGE 
Chairman, J E. Jacobs Northwestert 
University 


A Multi-Channel Physiological Data Ac- 
quisition System for Bioastronautical 
Research, G. J. D. Schock and H. T 
Castillo, Holloman AFB 

Remote Recording of Physiological Re- 
sponses of Subjects Undergoing Large 
Amplitude Vertical Accelerations, E. S 
Gordon, Illinois Institute of Technology 

Cosmic Radiation Experimentation § at 
Space Equivalent Altitudes, deP. J 
Corkhill, Holloman AFB 

A System for Telemetering Physiological 
Data, R. H. Mattson and M. S. Ulstad 
Iowa State University 

Short Distance Broadcasting of Physiolog- 
ical Data, L. A. Geddes, H. E. Hoff and 
W. A. Spencer, College of Medicine 
Baylor University 

A Precision Multichannel Body Tempera- 
ture Measurement System, E. Hendle: 
Naval Air Material Center, H. P. Mans 
berg. Airborne Instruments Laboratory 


PHYSIOLOGICAL MEASUREMENT 
METHODS 


Chairman, H. P. Schwan, Penna. Univ 


Measurements of Cerebral Blood Flow by 
Radioisotopes, W. H. Oldendorf, V.A 


The Ophthalmic Artery Pulsensor, M. W 
Thorner, Hospital, Penna. Univ 


The Measurement of Rheological Proper- 
ties of Joints, R. J. Johns I Verna 
Wright, Johns Hopkins Hospit 

Some Problems and Techniques in Bio- 
mechanics, H. R. Lissner, W ne State 
University 

Operative and Post-Operative Physiologi- 
cal Monitoring, C. L. Hebert, NIH 

Detecting, Locating and Mapping of Neu- 
ron Signal Emissions within the Human 
Brain, W. O. Brooks and H. D. Ervin 
Ramo-Wooldridge 


INFORMAL DISCUSSION SESSIONS 


Polarography Chairmar R. H 
Johns Hopkins University 


Shepard 


Nuclear and 
nance Chairma R 


} 


Schlumberger Cory 


Electron Magnetic Reso- 


S. Codringtor 


Computer Methods. Chairn 
iey NSF 

Remote Recording and Stimulating for 
Physiological Experiments Chairmar 
G. Webb, Johns Hopkins University 


Wednesday, November 2 


ANALOGS AND SYSTEMS ANALYSIS 


Chairman, P. L. Frommer, NIH 

rhe Analysis and Interpretation of the 
Vibrations of the Heart, as a Diagnostic 
Tool and Physiological Monitor, C. M 
Agress, Veterans Administration Center 
Cardiovascular Research Lab 

Application of Correlation Analysis to the 
Fetal Electrocardiogram, A. G. Favret 
and J. D. Casolar Army Dept 

The Analytical Approaches to Renal Func- 
tion, Mechanical and Electrical Analogs 
Suggested for the Analysis of Renal 
Disease, H. H. Zinsser, Columbia Pre 
byterian Medical Center 

Electrical Analog Simulation of Tempera- 
ture Regulation in Man, R. J. Crosbie 
R. A. Hall, and J. D. Hardy, U.S. Nava 
Development Center 

Control Systems in Physiological Temper- 
ature Regulation, J D Hardy US 
Naval Air Development Center 

A Passive-Element Analog of Indicator 
Dilution by the Heart, P. L. Frommer 
NIH 

Determination of the Dynamic Charac- 
teristics of Pressure Measuring Systems 
for Pulmonary Research, H. G. Jackso1 
Jr.. and W. W. Stead, Fla. Univ 

4 Catheter Compensating Amplifier, fF 

W. Noble, NIH 


INSTRUMENTATION 

Chairman, W. Greatbatc! Buffalo Uni 

Equipment Specifications of a Random 
Access System for Automatic Biochem- 
ical Analysis, R. Jonnar Prudentia 
Insurance Company 

A Direct Particle Concentration Measur- 
ing Meter for Blood Cell Counting, J 
F. Quint I Cc. J. Browr 
Sanborn Cory L. Fre er, NIH 
Automatic Device for Fractionation and 
Spectrophotometri« Determination of 
Steroids, G. C. Riggle, F. D Anderson 

Vurek, I .. Crisp, E. Heftman and 

D Johnsor 

Helium Discharge Photometer, R. L. Bow 

an, NIH 

\ Simple Inexpensive Displacement 
rransducer, F. S. Sia Jr Fla. Univ 

Correction of Complete Heart Block by 
a Transistorized, Self-Contained and 
implantable Pacemaker, W. Greatbatc! 

W M. Chardack ar \ 1. Gage Ur 
e! y of Buffa 


October 1960, Vol. 7, No. 10 33 





COMPUTER IS ONLY 


ISA Journal 








mwNsam@ OF A PROCESS CONTROL SYSTEM 
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You hear a lot about industrial process computers 
these days. As processes get bigger, faster and more 
complex, computers are being used as the reins as 
well as the brains—for control as well as data 
reduction—in fields as diverse as ice cream making 
and petroleum refining. 


The Big Picture. But like the human brain, a com- 
puter cannot work independently. It must receive 
raw information from sensory instruments. Where 
automatic control is involved, it must transmit its 
logic to ‘‘muscle’”’ instruments which translate deci- 
sions into action. The computer is part of a system, 
and, like the human body, the system functions 
effectively only when all of its parts are perfectly 
coordinated. In Honeywell systems, this compatibility 
of all system components is built in, for all Honeywell 
instruments and controls are made to complement 
ach other. 


Process Experience plus Computer Know-How. 
Equally important, a computer must be properly 
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applied. Computers are “‘illiterate.’”” They must be 
told what to do and how to do it by men who know. 
In engineering a computer-directed instrumentation 
system that will be precisely matched to your needs, 
Honeywell systems engineers draw on more than 75 
vears of measurement and control experience. 


Single-Source Responsibility. Honeywell offers you 
a single contract covering your entire system. You 
get economy, convenience, simplified training of 
personnel, economical stocking of parts and acces- 
sories—all the advantages of single-source purchasing. 
And you get the only truly complete computer 
control package available from a single source. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Penna. In Canada, 
Honeywell Controls, Ltd., Toronto 17, Ontario. 


=2 


y PIGMEERING THE FUTURE 


Honeywell 
n) Fut wn Couttol 


WOMEYWELL SINCE 16865 


October 1960, Vol. 7, No. 10 35 





cy DEVELOPMENTS 
VIN ANALYSIS 
INSTRUMENTATION 


a 


ooePROCESS STREAM 
OXYGEN ANALYZER... 





for determining oxygen content of 
chemical process streams, furnace at- 
mospheres, etc. Design features include: 
> PARAMAGNETIC TYPE 
> EXPLOSION PROOF 
or non explosion proof 


>» RUGGED CONSTRUCTION 


WEE tnd. nitrate 


eoePROCESS FLAME 
PHOTOMETER... 


The photometer comprises 
an optical unit and control 
panel. It is used for deter- 
mining the chloride ion con- 
tent of boiler feec water. 
It has: 
| > HIGH SENSITIVITY 

0.1 to 10 parts per billion 
i> RAPID RESPONSE 
i> CONTINUOUS ANA.YSIS 


for multi-stream operation 








‘eee RECORDING DIFFERENTIAL 
REFRACTOMETER ... . 


for accurately measuring index of re- 

fraction changes as small as 0.0000007 

index of refraction units. 

Other features of the refractometer are: 
> ANALY ZER-RECORDER 


in single unit 
> RAPID LIQUID ANALYSIS 
> NULL BALANCE PRINCIPLE 


iN 4) WATERS. 


associates 


45 FRANKLIN STREET 
FRAMINGHAM, MASS. 


\ 
\ 
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SCANNING 


CHROMATOGRAPHY 





This sample 

pyrolysis cham- 

ber degrades 

polymer mixtures | 


CLAMP 


HEAVY COPPER WIRE LEADS 
3'%, STANDARD GLASS TAPER 





or copolymers 
directly in the 
carrier gas a 
stream, so all 

products are 

carried imme- 

diately into the 

column for 

analysis. 


IVARIAC 


VYCOR SAMPLE BOAT 
SS / a2 
_ ——» TO COLUMN 


- 
aati CARRIER GAS WLET 


€ EaTine Cor 
CERAMIC TUBE PLATINUM WIRE WH 


SSSTANDARD TAPER TEFLON PLUS 
POTENTIOMETER| \ 
ALUMEL~CHROMEL THERMOCOUPLE 


Gas Chromatography 
for Copolymers 


Acrylic polymers and copoly- 
mers are mighty useful industri- 
al materials for transparent plas- 
tic sheets, moldings, and coatings 
—even for plastic false teeth and 
dental fillings. However, quanti- 
tative analysis of copolymer con- 
stituents in acrylic polymers has 
been difficult. Often, composi- 
tion of crosslinked, insoluble 
polymers could not be deter- 
mined with accuracy. 

But with the new rapid, vapor- 
phase gas chromatograph tech- 
nique developed by dental re- 
searchers Brauer, Strassburger 
and Lehman at the National 
Bureau of Standards, such ma- 
terials are analyzed easily, and 
as little as 0.2°7 copolymer can 
be detected. 


Analysis Procedure 


The method uses a commercial 
chromatograph with  dinonyl 
phthalate as the stationary liquid 
phase coated on ground fire- 
brick as the inert, solid support. 
Helium is used as the carrier. 

Qualitative analysis is done by 
analyzing liquid pyrolysis prod- 
ucts. The sample is placed in a 
small still pot enclosed in a tem- 
perature controlled air jacket. 
Temperature is raised rapidly to 


350°C and the pyrolyzate led inte 


a test tube immersed in an ice 
bath. 


In quantitative analysis, the 
polymer is degraded on a hot 
wire coil or in a small pyrolysis 
boat set in the gas stream of the 
chromatograph (See Sketch). 
This enables the helium gas, 
passing over the filament (400 
C) on which the sample is 
placed, to carry the vaporized 
components of the sample di- 
rectly into the chromatographic 
column. 

In this temperature range, the 
only depolymerization product 
of the poly(methyl methacry- 
late) degradation is its monomer, 
even when other copolymeric 
constituents are present. Hence, 
the chromatograms of all methy] 
methacrylate copolymers will 
have a large peak due to this 
component and a number of 
smaller peaks which are caused 
by the other constituents. 

The most prominent peaks are 
chosen to determine the peak- 
area ratios. A calibration curve 
—of known polymer composition 
versus peak-area ratios—is used 
to determine the quantitative 
composition of unknown poly- 
mer mixtures or copolymers. 

By this method, the copolymer 
composition can usually be de- 
termined within a precision of 
0.5°7. For the analysis of methyl 
methacrylate-ethyl methacrylate 
copolymers, the standard devia- 
tion of single measurements is 








approximately 0.48 over the 
entire composition range meas- 
ured. If triplicate measurements 
are averaged, the “true” value 
can be predicted with 95°7 con- 
fidence within 0.55°7 of the 
average. 


Higher Temperatures 


Recent studies at higher tem- 
peratures show the method ap- 
plicable for quantitatively de- 


As little as 0.2 percent copolymer 
is detected by new Bureau of 
Standards chromatograph tech- 
nique. Here G. M. Brauer inserts 
a specimen, 
termining pyrolysis products 
and identifying the original com- 
position of the materials. Poly- 
(methyl methacrylate) and pol- 
ystyrene were decomposed at 
temperatures from 400 to 1100°C 
The pyrolysis chamber was mod- 
ified to include a small high- 
silicon glass boat surrounded by 
a platinum heating coil placed 
inside the chromatograph. With 
this boat, the sample can be 
weighed both before and after 
heating and the residue can be 
conveniently measured 
Identity of products was es- 
tablished from their retention 
times and the quantity of each 
compound from the peak areas 
on the chromatograms, with a 
reproducibility of better than 
] 


Correction: Mass Flowmeter 
In the description of the Revere 
Gravimetric Meter on p. 61 of the 
June ISA Journal, there are two 
typographical errors in the specifi 
cations given 
1. Rate of Flow 
ppm”, not 250 
2. Pressure range should read “125 
psig max.’’, not 25 

Thank you for your 
in this matte 


should read 2500 


cooperation 


T. E. White 

Advertising Manager 
REVERE CORPORATION 
OF AMERICA 


Do It Better With Thermo Electric 


Thermocouple Extension 
Cables and Wires 


You can obtain Thermo Electric 


thermocouple extension wire and 
cable in the 


insulation, type and calibration, for 


widest variety ot s17€. 
your application—with prompt de- 
livery of all standard materials. 

New on the stock list, 


Chermo-Cable. from6 to 


96 matched pairs of 1.S.A. color-coded 


is the time and 


labor saving 


thermocouple leads, individually in- 
sulated in PVC—colleet 


in “Mylar” aluminum-backed tape 


vely wrapped 


with a tight-fitting PVC outer sheath. 
“Thermo-Cable™ is practically imper- 
vious to moisture, abrasion, temper- 
ature, gasses and chemicals. Saves 


you the time, cost and effort of pulling 


individual wires through conduit. 


Individual Ol duplex thermocouple 


and extension wires are available in 
all standard 


gages from | 4 to 40 


calibrations—many in 
insulated with 
Polyvinyl Chloride, cotton lacquer, 
Nylon, Asbestos 


Teflon, Fiberglass, 


or combinations of these materials 
Metallic overbraids of stainless steel 
and other high-temperature materials 
provide extra mechanical protection 


and shielding. 


“Ceramo’, Thermo Electric’s metal- 


sheathed ceramic insulated thermo- 
couple wire is used for extra-high 


temperature and nuclear applications. 


lhermo-Electric also supplies thermo- 


couple wires to meet Mil-Spee require- 
ments. 
For information on selecting the right 


wire for you! applic ation, 


write today for Bulletin 32-W 5-13 


Thermo 
Electric CO..INC 


SADDLE BROOK, NEW JERSEY 


in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
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Judging by 


the Company 
We Keep... 





Won't you join “the Company We 
Keep", with "“Electro-Mech" speci- 
fied on your next Control System 
job. 

Perhaps not all of ‘the Company We 
Keep" would agree on the location 
of "The Industrial Engineering Cen- 
ter of the U.S."" but many say that 
the New York-New Jersey-Connecti- 
cut-Pennsylvania Complex is a pri- 
mary contender for this position. 

However you might cast your vote 
on this controversial issue, there is 
one issue upon which we must all 
agree: 

There is no area of industrial engi- 
neering activity that so clearly de- 
mands maximum coordination be- 
tween customer and supplier than the 
manufacture of Custom Control Sys- 
tems: 


Examples— 

Preliminary design meetings; 

Fast, simplified interchange of fi- 
nal design information; 

Efficiency handling of 
change information; 

Coordination of incoming instru- 
ments supplied by others; 

Physical inspections by your per- 
sonnel at our plant. 


Electro-Mech Corporation has 
proved to be ideally located geo- 
graphically to meet these require- 
ments for many of our most distin- 
guished industrial firms. 


Electro-Mech Corp., Norwood, N. J. 


design- 
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SCANNING 


X-RAY SENSOR 








Figure 1. 
Supervisor in- 
spects an X-ray 
gage on Ameri- 
ca’s first auto- 
mated belt- 
calendering 
machine. 





Electronic Belt Calender 


Has X-Ray Eyes 


America’s first high-speed au- 
tomated belt-calendering opera- 
tion, utilizing “X-ray eyes” to 
improve uniformity and quality, 
is capable of spinning out a two- 
to three-mile ribbon of high- 
quality belt daily. Installed at 
Goodyear’s Plant II in Akron, 
Ohio, the huge, electronically 
controlled, two-story calender- 
ing unit uses two X-ray devices 
(Figure 1) to control the belt 
uniformity. 


One X-ray senses the gage of 
incoming components and re- 
ports the thickness to the com- 
plex electronic panel. After the 
belt passes through the calender, 
a second X-ray measures and 
reports the finished thickness. 
Then the belt moves through 
a giant 12-roll cooling line to be 
wound into a coil for curing. 


The new machine (Figure 2), 
costing $1,600,000, is designed for 
a maximum belt width of 156 
inches and a maximum weight 
of 20 tons. The longest continu- 


ous piece of belting turned out 
on the machine so far measured 
2200 feet almost half a mile 


long 
Figure 2. Huge, electronically 
controlled calendering unit at 
Goodyear’s Akron Plant II 


dwarfs attendants. 
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SKINNER 3.772” 
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Skinner combines unique diaphragm 
assembly and V5 solenoid 
operator in new L Series valves 


Skinner has now combined its 
famous V5 solenoid operator with 
a unique diaphragm assembly in 
a new line of two-way and three- 
way valves—the versatile LSeries. 
Unusually long life is assured 
by this new diaphragm assembly. 
The 3-way diaphragm consists of 
two tough laminates of nylon 
fabric coated with a Buna-N rub- 
ber separated by a thin Teflon 
disk. The assembly is virtually 
100°, supported in the open and 


closed positions with only a very 


small area exposed to pressure 
differential during operation. Life 
tests show that this type of di- 
aphragm far out-performs all 
others tested. 
The two-way 
spindle assembly supports a seal 
retainer and soft, synthetic seal 
which provides bubbletight seal- 


diaphragm and 


ing of the main orifice. This seal 
fits on a shoulder which extends 
beyond the seat and helps to 
cushion the closing motion—thus 
minimizing water-hammer. 


A—Transparent view of normally closed 3-way solenoid valve 
B—Front view of diaphragm assembly 
C—Spindle seal retainer and diaphragm assembly 


Low cost 2-way and 3-way valves to meet your high flow industrial requirements 


Cutaway views of 2-way cnd 3-way valves showing 


how the unique -diaphragm assembly and solenoid 


Skinner L Series solenoid valves 
feature forged naval brass bodies, 
stainless steel and brass internal 
parts. They are 
mally closed, normally open and 
standard 


available nor- 
directional control in 
and exp osion-proof construction 

In addition to the many exclu- 
sive features, these Skinner valves 
are low in price, and with one 


model—a 2-way normally closed 
valve—available at especially low 
budget cost. 

All 3-way and 2-way normally 
open valves are supplied with a 
piped exhaust return. For cata 
logs and complete information, 
contact a Skinner Distributor 
listed in the Yellow 
write us at the address below. 


) . 
Pages OI 


SKINNER L SERIES SPECIFICATIONS 





Orifice Sizes 


Operating = 

: , Vinimum 

Pressure -, 
f 


: 
VWiaximum 
Differential \ 


Position 


Temperature Range 
(Ambient and Media) 
*has 2” orifice 


operator are combined in these new valves. 


When you specify solenoid valves, specify Skinner. 


Normally cl 


Normally open 


Bubbletight 


Minus 40°F to 
plus 180°f 


TWO-WAY 


THREE-WAY 


4 


4 


5 PSI (4%” 10 PSI) 
150 PSI 
Normally closed, 


Normally open, 
Directional control 


Bubbletight 


Minus 40°F to 
plus 180°F 


Skinner solenoid valves are distributed nationally. 


SKINNER VALves 


SKINNER ELECTRIC VALVE DIVISION 


THE CREST OF QUALITY THE SKINNER CHUCK COMPANY e¢ NEW BRITAIN, CONNECTICUT, U.S.A 








Politics 
and Engineers 


EDITORIAL 





One vote your vor may be decisive 11 apdol three wech 
from now. We don't advise for whom y« 
It has been said that a single vote saved the universal 
While Americans are becoming more conscious of politics and government, our 
voting record is not the best. In the 1956 presidential election only 60 of 
those eligible voted. Many other countries do 1 


Greece, 85 Japan and Canada, 6 


Voting alone is not th. Y must be informed a ies, the can 
didates, and what the candidat and ) and scientific people 
should logically be informed a minimum of effort a dies show 
that they have been notoriou por voters with at un interest in 
politics and government t that plain snobbery is a r reason, for they 
don’t want to be associated with the classical cigar-chewing ward boss, who in 
their view is a low form humanity 


profess nal pee yple feel 


politics It takes a very 


Can you list all the elected officials re] 
national governments? Do you know who 
represents your district in the state legislature? cnow how they 
in the last session? ~ actions of our elected representatiy are almost directly 
proportional to the pressures, inquiries and demands of those who elected them 
If we forget to vote and let the “machine” put in a rubber-stamp candidate, the 
bosses figure that the voters don’t care and they run things to suit themselves 
I don't imply that all politicians are crooks and incompetent. For certain their 
numbers will diminish with intelligent voting by informed people. We can't 
be experts in the fields of education, bond issues, lit strategy 


fairs, farm surplus and the many special affairs which 

sentatives But we can learn enough ab« it che qualifications of cand 
} 
' 


make certain that we vote for the best man according 


ments 


If there was ever a time to vote, it 1s now. Our c 


most critical decisions in its history as infant nati 1rO orr the 


yoke of foreign governments and seek social, political and On indepen 
dence in the face of the continuing menace of Communism. The most expertly 


qualified will be none too good to face the problems that lie ahead. You and 


I have an individual responsibility in the selection of thes« 


Edmund Burke said it well, “All that is necessary fo 


win in the world is for good men to do nothing 


Edstor 
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Figure 1. US Steel’s new Duquesne Works soaking pits (photo) are the 


first 


of their kind 


in USA. Shown are the 28 metallic 
which preheat combustion air from waste gases. Figure 2. 


recuperators 
This simpli- 


fied sketch of a pit and recuperator shows how instrumentation is applied. 


Instrumentation 
of U. S. Steel’s New Soaking Pits 


by M. B. KRUCIK 


General Supervisor—Fuel & Instruments 


United States Steel Company 
Duquesne, Pennsylvania 


New-design metallic recuperators 
plus complete instrumentation pro- 
duce a 400 F increase in air preheat 
temperatures, yet with little scaling 
or brickwork damage. Here's the 
whole measurement ond control story 
on this advanced new installation — 


first of its kind in the USA. 


ON MARCH 26, 1959, one battery 
of four soaking pits began operations 
16-inch Rolling 


at the new Primary 
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Mill of our Works. By 
June 15th, one month before the steel 
strike, the last battery began service 
Previous to this installation, metallic 
preheat 


Duquesne 


recuperators averaged air 
temperatures between 700 and 1000 
F; we now are attaining temperatures 


of 1100 to 1300°F. 


Our reasons for 
Russell and Schack metallic recupera- 


tors were 


using Griscom, 


1. Combustion air leakage under 1% 


Combustion airflow is measured on 


the cold side. 

3. Longer life. 

4. More compact — requiring less 
space 


5. Fast recovery after charging. 


Our 28 one-way, top-fired soaking 
pits (7 batteries of 4 pits each) are in 
a 90 x 400 foot building, berween the 
stripper and the 46-inch rolling mill 
Each pit is 22 feet long, 9 feet wide 
and 15 feet deep, and is designed for 
a 75-ton charge 

These pits are served by 2 narrow 
gage tracks, 2 parallel 
ingot buggies, three 25-ton pit cranes 


cable-driven 


two 400/50-ton stripper cranes and 
one hydraulic ground stripper. Cinders 
fall through two cleanout holes in the 
bottom of each pit into cinder boxes, 
which are remover to an outside cinder 
pit by a scoop-lift tractor 


The Recuperators 


There are 28 tubular convection- 


type metallic recuperators, with the 








first 8 pits having an additional radia- 
tion-type recuperator (Figure 2). Con- 
vection-type recuperators are tied to- 
gether at their waste gas exit end into 
a common header, which carries waste 
products of combustion to a 180-foot 
stack (Figure 1). 


Radiation Recuperators. The radiation 
recuperator consists ot two concentric 
cylinders of steel. The inner cylinder 
is a nickel-chrome stainless steel type 


> 


309, 5/16 of an inch thick, 3 feet 
2 inches in diameter and 10 feet long 
Combustion air being preheated passes 
through the 7/16-inch passageway be- 
tween the inner and outer shell. Waste 
gas flows upward through the inner 
cylinder, while the combustion air 
enters the bottom with high velocity 
through the annular space between the 
shells, guided by fins in a spiraling 
motion. Pressure loss on the waste gas 
side is negligible; in fact, the recupera 


tor acts as a stack and aids draft 


Convection Recuperator. The convec 
tion recupertor is simply a counter 
current heat exchanger, with the waste 
gas passing through tubes and the 
combustion air passing around the 
outside of the tubes. Since the temp 
eratures of both the combustion air 
and the waste gas are much higher 
than those in ordinary heat exchangers, 
many unique features were designed 
for proper and successful operation. 
This recuperator is located directly 
above the radiation unit or above a 
dummy section (Figure 2). The dummy 
section can be removed easily at any 
time if it is desirable to install a 
radiant section. This convection recup 
erator consists of 56 tubes 4 inches in 
diameter, with a metal shell 4 feet 4 
inches in diameter and 20 feet in 
length, mounted in a vertical plane. 
The tubes are made of 3 grades of 
stainless steel, the hottest (lower) third 
is 446 stainless with 25° chrome (a 
type which shows resistance to sulfur), 
the middle section is 430 stainless with 
17% chrome, and the upper third a 
about 3% 


low-alloy stainless with 


chrome 


Some of the special features re- 
quired in the design of convection 
tubular recuperators are: 1. the protec- 
tion of the lower ends of the tubes 
by a 2-inch layer of refractory mix; 2 
cooling of this area by a special intern- 
al cooling circuit; 3. expansion sleeves 
on each tube and outer jacket; 4. tem- 


perature measurement of the lower 





——_—_—_+ 
| GAS PRESSURES 





H i41| 





1 4 
EI 











age ae 
OIL PRESSURE 
nae ee 


Figure 3. 
This single 
master panel 
controls all 
28 pits. 
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tube sheet; 5. welding of the tubes 


into the tube sheet; 6. ease of replace 
ment of a complete unit 


Waste-Gas Temperature Control 


To procect these convection recup- 
erators where no radiant recuperators 
are installed, a dilution air system is 
provided to control the waste gas 
temperature to a maximum of 1850 F. 
This air enters the flue 5 feet trom 
the bridge wall of the pit, and the 
temperature of the mixture of air and 
waste gas is measured and controlled 
at a point just below the tube sheet 
(Thermocouple TC-2, Figure 2). We 
have found that with a high-velocity 
thermocouple the control thermocou 
ple reads about 100°F low. With this 
information and the desire to be cau- 
tious, we have limited the maximum 
control setting of the mixture entering 
the tubular recuperator to 1650°F. 


Each pit is a separate entity, except 
that four pits (one battery) have com 
mon walls and eight pits (two bat- 
teries) have a common stack. The in 
dividual pit fans have a capacity of 
1000 cfm at 24-ounce pressure and 
are driven by a 40 hp motor. These 
combustion air fans supply sufficient 
air to make up for losses in the re 
cuperator and still leave available 14 
inches of water pressure at the burner 


The burner, located on the west wall 
approximately 3 feet below the coping, 
is capable of burning 21 million Bru 
of coke or natural gas, with an exit 
velocity through the air ports of ap 
proximately 315 feet per second at an 
air temperature of 1000°F. This burn- 


} inches in diameter, with 


6 combustion air holes 3-13/16 inches 


er is 23-] 


in diameter spread concentrically 
around a 6-inch alloy gas pipe, and was 
designed to provide the best quality 


of heated ingots 


Flames are extremely stable, burn 
ing at low flows around the openings 
like a halo. To prove its stability, we 
fired 240,000 cubic feet per hour of 
combustion air with 1/2 million Bru 
of gas and were able to hold the flame 
on the burner baffle. This fuel is fired 
from the west to the east, where the 
gases turn downward and return to 
the west before entering the flue en- 
trance located below the burner (See 
Figure 2). To prevent flame-out, we 
have provided two safe-guards: 1. a 
l-1 /4-inch bypass around the gas con 
trol valve to fire a minimum of 1/2 to 
1 million Bru of gas at all times 
through the main burner; 2. a 25-cubic 
foot natural-gas pilot light built into 


the burner itself. 


CONTROLS 


To provide maximum availability 
and minimum maintenance, hydraulic 
equipment is used for pressure and 
flow control, and electrical equipment 
for temperature control. All equipment 
is housed in a control house 440 feet 
in length, located one floor above the 
pit covers. The front of the control 
house is almost entirely enclosed in 
glass so that anyone outside easily can 
observe instrument operation. All elec 
trical-motor controls are located on the 
rear wall of the control house; instru- 
ment panels are located halfway be- 
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ae 


tween the front anc back walls. Lo- 


cated in the control house are one 
master panel common panels, and 


28 individual pit panels 


Master Control Panels 


(Figure 3) 


On _ the 


located midway in che 


master panel 
control house 
are: 1. an indicator with a range of 0 to 
15 psi, indicating main-line mixed-gas 
pressure; 2. an indicator with a range 
f O to 59 inches water pressure, ind 

cating the controlled gas pressure to 
the pit (controlled at 24 inches water 
pressure); 3. a manual-automatic Bru 
control station, originally installed to 
control the Bru of the gas (This unit 
is non-functioning. because we are 
now firing stabilized Bru gas); 4. push 
buttons and indicating lights for the 
Bru sampling system; 5. a 3-pen, 24 
hour chart recorder/controller for gas 
pressure, gas flow, and main-line gas 
pressure; 6. an oil pressure gage; | 

a manual-automatic pistol-grip selector 
switch for operating a hydraulic butter 
fly gas control valve 


Common Panels 


On the commotr 
located in the center of four individual 


] 


panel (Figure 4) 


pit panels are an electric clock; 2 


pushbuttons and indicating lights for 
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Figure 4, (Left). One common 
panel like this controls a bank 
of four soaking pits. 


starting and stopping the combustion 
air fans, dilution air fans, basement 
vent fans, and the hydraulic oil pumps, 
3. an annunciator (a visible and audi 
ble alarm system) indicating trouble on 
a particular pit or a battery of pits 
t pressure £ages indicating oil, com 
pressed air, and gas pressures 


Individual Pit Panels 


Each pit has its own individual 
panel (Figure 5), on which are located 
1. A multipoint strip-chart tempera 
ture recorder with a high-temperature 
limit switch. On the first 8 pits this 
is a 10-point recorder using platinum/ 
platinum 13°7 -rhodium thermocouples 
with a range of 0 to 3000° F, while on 
the remaining pits with dilution air 
control this is a 6-point recorder using 
Chromel/Alumel thermocouples with 
a range of 0 to 2400" F. 

The name and designation of the 


points recorded (see Figure 2) and 


the average maximum tempe ratures 


are 
TC 1. Waste gas leaving the 
tubular recuperator 900 F 
TC 2. Tube sheet area tem 
perature (tubular recu 
perator ) 1000 F 
TC 3. Waste gas entering the 


tubular recuperator 1650 F 





Figure 5, (Above). Each of the 
28 pits has one of these individual 
control panels. 


IC 4. Combustion air to the 
burner 1250 | 
¢ Air leaving the bular 
recuperator 1300 | 
TC 6. Air leaving the radia 
tion recuperator 1200 |} 
IC Waste gas entering the 
radiation recuperator 1900 I 


A' pit pressure 7-day recorder (see 


Figure 5) with normal readings re 
corded at positive 0.04 to 0.05 inches 


of water pressure in the pit 


A 2-pen 24-hour recorder tor gas 
flow air flow with a chart range of 
0 to 21 for convenience in reading 


directly in million Bru 


4. An electronic strip-chert recorder 


controller with a of 400 to 
2600 F 


ture from platinum platinum 13% 


range 


for controlling pit tempera 


rhodium thermocouple (TCA, Figure 
2) located approximately 8 feet down 
on the east wall of the pit. This in 
strument has an unusual range, chosen 
for good readability in the desired soak 
temperature range and also readily 
usable during pit light up. It elimin 
ates the portable temperature recorder 
if a standard 


that would be needed 


1000 to 3000 F range were used. 








5. A three-mode controller operates an 
electrically-driven wafer-type butter- 
fly valve on combustion air. 


6. A pistol-grip selector switch is used 
to select either the front thermocouple 
(TCA) in the east wall of the pit or 
the back thermocouple (TCB) in the 
west or burner wall of the pit. Therm- 
ocouple TCA always is used during 
the heating cycle, while TCB is used 
periodically to check the temperature 
difference of the pit during the soak 
out period. This temperature differ- 
ence is maintained within 30 F for 


good ingot rolling practice 


A calibrated 
range of 0 to 200 F is used for pro 


interruptor with a 


gram heating. This interruptor is in 
corporated into the control circuit of 
the recorder-controller so as to ener 
gize a drive motor on the index setter 
and drive this index at any desired 
rate per hour to a preselected temp 


erature 


8. A millivolemeter with a range of 0 
to 3000 F, using a platinum platinum 
13°%-rhodium thermocouple ( East 


wall, Figure 2) with an over-tempera 


Figure 6, (Left). 


ture limit switch, is set approximately 
50°F above the pit temperature con 
troller set-point and is a safety device 
for shutting off the fuel to the pit 
when his setting is exceeded 


9. A miniature strip-chart recorder 
controller, using a platinum, platinum 
13°¢-rhodium thermocouple with a 
range of 1000 to 3000’ F, controls the 
dilution air by an electrically-driven 


wate r-type butterfly valve 


10. In the center of these individual 


panels are 2 pushbuttons and an indi 


cating light which when energized 
indicates that power is supplied to the 
individual pit panel; the pushbutton 
fuel-off” and 


control fuel-reset 


11. Two manual-automatic — selector 
switches and set-point stations control 
the hydraulically ope rated pit-pressur¢ 


and fuel-air ratio units 


12. A compressed air control relay 
limits the amount of fuel required on 
special heats, as specified by our Metal 
lurgical Department. This relay trans 
mits its signal to a diaphragm operator 


on a wafer-type butterfly valve in 


the discharge line from the combustion 
air fan (See figure 2). Since the fuel 
gas follows the air, it can be regulated 
desired 


quickly and easily to the 


quantity 


Additional Safety Features 


These additional safety features aré 
included in the previously mentioned 


equipment 


1. A quick-acting butterfly valve shuts 


off fuel when the pit cover is raised 


Complete shutdown of a battery of 
pits when fuel gas or oil pressure fails 
3. Pit shutdown when the combustion 
air pressure is lost 
4. Pit shutdown when electrical power 
tails 

Pit shutdown when a gold fuse in 
the electrical circuit opens because of 
excessive temperature in the tube sheet 


area of the convection recuperator 


Firing Techniques 


We now are using two methods of 
firing our pits and intend to evaluate 


the methods: The first method, shown 


Air-flow gas-flow record made under “ON” ratio firing. 


Figure 7, (Right). Air-flow/gas-flow record made under “variable-ratio” firing. 
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Figure 8, (Left). Operating temperatures of combination radiation and 
convection recuperators. (See Figure 2 for thermocouple locations.) Fig- 
ure 9, (Right). Operating temperatures of radiation (only) recuperators. 


in Figure 6, is set up on 10 pits and 
indicates ON ratio from maximum 


firing tO minimum firing. 


The other 18 pits, as shown in Fig- 
ure 7 are set up with a variable ratio, 
to provide ratio at maximum firing, 
but increasing excess air as we go to 
minimum firing. Many advantages are 
gained by this variable-ratio setup 
longer life of the brickwork in the 
pit itself, longer life and protection of 
the metallic recuperators, drier bot- 
toms, good ingot scale-formation, and 
better circulation of gases. 

On ratio control, which is set up 
by heat prover analysis, we control at 
2 oxygen at maximum firing to be 
tween 3% and 4% oxygen at mini- 
mum firing; while on the excess air 
ratio control, we regulate at 2% oxy- 
gen at maximum to between 10% 
and 15‘ 

Our 28 Duquesne pits are operated 
with one heater on the 8-hour work 


oxygen at minimum firing 


turn. Certain limitations were placed 
on how to roll the ingots from the pits 
such as: 1. There should never be 
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more than 30°F difference between 
the front and back thermocouples 
(TCA and TCB Figure 2) at soak 
conditions; 2. the minimum flow of 
gas at soak conditions should be ap 
proximately 5 to 6 million Bru by 
chart reading when on variable ratio 
control, or 3 to 4 million Bru by 
chart reading when on “ON” ratio 


control. 


Results 


The following figures showing typ- 
ical heating and control curves indicate 
temperatures approached in both the 
pit and recuperators: Figure 8 is a 
curve for the pits having both the 
convection (tubular) and radiation 
type recuperators; Figure 9 is a curve 
for the pits having only the convection 
(tubular) recuperator 

With high preheated air tempera 
tures, one would expect excellent fuel 
rates; however, we have not been able 
to attain this goal. These pits are a 
part of a complete new rolling facility, 


and the growing pains of such a facil- 
ity have prevented us from reaching 
the rolling rates required to keep the 
pits Operating near capacity 

In the short period of actual opera 
tion “approximately 6 months) the 
overa'l performance of the soaking 
pits has been good. The recuperators 
have been opened up and inspected 
for defects and wear. The tubes in the 
convection (tubular) type recuperator 
are in excellent condition with no evi 
dent signs of scale formation, while 
in the radiation type recuperators some 
scaling was noted. This was expected 
because of the high temperatures of 
the waste gases diverted through them 

The brick work of the pits is in 
excellent condition except that the 
coping around the pits indicates some 
mechanical damage from crane tongs, 
ingot scraping, or cover positioning 
The burner blocks and baffles are pre 
senting some problems because of 
spalling which will be corrected by the 
use of different material. The bottoms 
of the pits are completely dry 
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Let’s Quit Confusing 
Mass with Weight 


by A. E. SCHULER 


Instrument Development Section 
Test Division 
NASA Marshall Space Flight Center 
Huntsville, Alabama 


Until space flight came into prom- 
inence, variations in gravity at dif- 
ferent locations were considered 
negligible. Mass, an independent 
quantity, and weight, a function of 
gravity, often were used interchange- 
ably. in this present age of extreme 
accuracies and fantastic require- 
ments, such neglect no longer is per- 
missible. To help clear up the current 
contusion, here is a standard system 
of units for mass, weight, force, pres- 
sure, and acceleration. 


the acceleration § ot 


WHEREAS 
gravity varies up to 0.55% over the 
earth, thus changing the weight of a 
body accordingly, the mass of that 
body remains the same. In most fields 
of engineering the difference in grav- 
ity is negligible and, as a natural re- 
sult, it has been common practice to 
use terms and quantities of mass and 
weight interchangeably. Unfortunate- 
ly, this practice, now a force of habit, 
has crept into the missile and rocket 
propulsion fields too. Masses are be- 
ing called weights, and sometimes (to 
make matters worse! ) mass data, which 
already had been obtained correctly 


from measurements, are converted 
back into wetght units in an effort 
to correct for a different acceleration 
of gravity. With the widespread con- 
fusion and inconsistency apparent in 
the use of terms and units of mass, 
weight, force, pressure, and accelera- 
tion, there is a definite need for the 
adoption of a standard procedure for 


their use 


Systems of Units 


The absolute and the gravitational 
systems use 1 m/sec~ or 1 ft/sec” 
as the unit of acceleration; the units 
of mass and force are such that 1 force 
unit ] mass unit | acceleration 
unit. Therefore, the weight of a body 
is numerically about 9.8 or 32.2 times 
its mass, depending on the units of 
measurement. There are some mixed 
systems of units in use, employing 
the mass unit in kilograms (kg) or 
pounds mass (Ibm) from the absolute 
system and the force unit in kilo- 
ponds (kp) or pounds force (Ibf) 
from the gravitational system. In 
these systems the numerical values 
of mass and weight are equal at 
standard acceleration of gravity (gs). 
This is very desirable; however, the 
current mixed 


m/sec“ or 1 ft/sec” as the unit of 


systems still use 1 


acceleration, which results in various 
confusing or incorrect forms of New- 
ton’s equation. When kilograms and 
kiloponds are used as units of mass 
and weight, the proper unit of grav- 
ity is calculated by 


] kp 9.30065 kg m, sec 
| kg l kg 
9.80665 m/sec" l gs 


These or analogous English units are 


used in this standard procedure (Table 


1) 


The above units are derived from 
the basic units of mass, length, and 
time. The kilogram is the internation- 
al standard of mass as represented by 
the platinum-iridium cylinder at Sev 
res, France. The kilopond, defined as 
the weight of 1 kg mass at the stand- 
ard acceleration of gravity, is the new 
international unit of force. One kilo- 
pond is equivalent to 980,665 dynes. 


The unit of acceleration is one stand 


ard acceleration of gravity, accepted 


by international agreement as gx 
9.80655 m/sec”. It prevails at about 


iS” latitude, sea level 


The following symbols are used 
for various accelerations of gravity 


g. standard acceleration of grav- 
ity in metric or English units 


standard acceleration of grav- 
ity in metric units 


standard acceleration of grav- 
ity in English units 


local acceleration of gravity 


acceleration of gravity at the 

location where the instru- 

ment was calibrated with 
calibration masses. 

Using these standard metric and 

English units, Newton's equation can 


be written as 
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; : calibrated at another location having 
Property Metric Units English Units i 
pravity the mass measurements 


re 
Pet 





— Ritogram ; Pound Mass made with such instruments, at the 


Force Pound Forc 
orc Kiiopond ae local gravity g), must be corrected by 


Standard Gravity = . ‘ 
(32.17398 ft/sec the factor g./g;. For example, in 


" a a, ‘ struments calibrated at NBS are com 
TABLE I. Metric and English units on 
which the standard procedure is based. pared with standards of masses at an 


Acceleration Standard Gravity 
9.80665 m/sec 





acceleration of 9.8008 m_ sec At 





Location m/sec ft/sec Redstone Arsenal, the acceleration of 
gravity is 9.7964 m/sec” and, as a 


International Standard 
about 45° latitude, sea level 9.80665 32.17398 result. more mass is required to pro 


Chrysler Plant, Detroit 9.8031 32.1623 0.04 | | _ gl e-for bt in ] 
Bureau of Standards, Washington 9.8008 32.1548 0.06 ee Sie eee eee ee eee 
Redstone Arsenal 9.7964 32.1404 0.10 
Rocketdyne, Santa Susana 9.7949 32.127 0.11 D<¢ 

Patrick Air Force Base 9.7924 32.1266 0.14 

Equator 9.7803 32.0875 0.27 When the mass of liquid oxygen 


Pol 9.8322 2.2578 0.26 
: wen — (lox) or fuel filling is determined 


for a certain mass in Washington, 





TABLE I. The adopted international standard and the calculat- with differential pressure gages that 


ed accelerations of gravity are listed for various locations. The have been calibrated at the same loca 
third column indicates per cent deviation from the standard. 
tion by liquid columns or pressure 


; 2 : . balances, using calibration masses, the 
Property Metric Units English Units : 
result is in units of mass. It is im 





F r i k Pound Forc Ibf 
_ Kitopond (Kp ane , portant that these data must not be 
Mass kp m~' sec Ibf ft"! sec multiplied by g; g. to obtain correct 


Acceleration m/sec ft/sec pressure units. The Ap values for 





TABLE III. Units mostly used in the gravitational or filling control or density measure 
technical system for aeroballistic and other calculations. ments are 
but they are measures of mass. The 


not in units of pressure, 





Ibf ft ‘sec units must be called psi(m), inches of 
kg kp m ‘sec Ibm (slug) Hg(m), etc. to differentiate then 
1 0.1019716 204622 0.0685219 from standard pressure units 
21.61996 0.671970 
01.03108102 


9.80665 1 
0.453592 0.0462536 1 
14.59388 1.488162 32.17398 ] 


If the mass of lox, fuel, or other 
liquids is determined by weighing, a 
correction must be made for the 


TABLE IV. Factors for converting the units of mass eiaeiati if The | ra 
shown in TABLES I and III. The units of force are aay OF ar 1¢ Buoyancy effect 
the same in both tables, and the units of acceleration 
of gravity g. 9.80665 m/sec’ or g., 32.17398 ft/sec. times the specific gravity of air 


0.0012) divided by the spe 





on a body x equals the mass (m,) 


+ or tr as " 
available from numerous sources. A cific gravity of the body (y,). The 
different locations, the dead weights weighing systems are calibrated with 
have the same mass, but different masses having a specific gravity be 
| | tween O33 % 8 The , 
F (Ibf m (Ibm) * a(j weights; therefore, the term “dead ; ind i. The buoyancy 
effect 1s abo 
weight” itself is misleading. More cor . ut 


A given body has the same nu } j 
‘ rectly, the standards could be called 0.0012 

t al val 1é ’ “ight at ‘ 5 

nerical value of mass and weight at deed eases ° 0.0001 


a location having standard acceleration 

In the missile field such factors as 0.015 
of gravity, when these units are used : 
fuel weight, liftoff weight etc. vary 


seeing that acceleration iS being cx - , ] rc yry > y v 
5 with location. They are actually masses The results from the weighing 


2) SSCC Y ‘ . re nr | : ;, : 
pressed in form quite frequently and must be treated as such. Although tems have a buoyancy error of 


already, the standard units will be 3S , io 
NBS uses the word “weight” for the 0.0012 0.0012 ) | 
OO 


very practical in most Cases piece of metal representing a standard = 7 
of mass, it is being used only as the ' 
name of a body used in the process This is about 0.11°7 for water, 0.14 

of weighing. Force of habit will up- for hydrocarbon fuels, and 0.1007 for 
hold the word “weight” in that sense lox. These average figures for buoy 
ancy corrections are accurate enough 


Mass 


Mass is a quantity of matter or a 
neasure of the inertia of a body. The for some time, especially when the 
init of mass is the kilogram or pound masses are determined by weighing. for the different densities of the re 


mass where | kg 2.204622 Ibm. spective liquids 
Most weighing systems are cali- 


Mass standards are available at the brated by calibration masses and the Liquid hydrogen, however, has a 


National Bureau of Standards (NBS) results are in units of mass, provided larger variation in density, and its 

is made at the same buoyancy effect may vary from 1.5% 
therefore, to 4°! The buoyancy, as a result, 
must be calculated for each particular 


in Washington, D.C. Secondary stand the calibration 
ards, or so-called ‘dead weights, location. No correction, 
which have been calibrated by com need be applied to these results. If 


parison with a primary standard, are load cells or proving rings have been specific gravity of liquid hydrogen. 
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Similar requirements pertain to the other force-measuring 


ing calibrated, theref« 


buoyancy correction when weighing 
be 


tion masses muSt 


complete missiles; the empty “Jup! 
gravity of 
1.0, and its buoyancy effect is 


0.015° When 


fueled and the pressurized compart 


ter” missile has a specific 2) 2. or corrected by 


about 


only the missile is 


t caused by the w 


p 


Masses 


ments are closed, however, its specific 
accele 


Ww 


the 


gravity is about 0.8 and its buoyancy at local 
2, at 


Be CAUSE 


9. 8008 


This correction must ity 
lifrott 


In turn, the 


etfect is 0.13 


be applied when the m 


mass 1S 1S Sec 


determined by weighing be corrected by the 


) S000) 0.994 « 


buoyant force of 158 pounds must be I 


addec at liftoff, and de 
id 


creasing buoyant forces must be add 


{ co the thrust wher 


ed force n 


with decreasing alr densities during ror 
neasuring 1evic 


h 


flight 


correction { Instr 


1Ocatl 


C 


[rite ree at any 


Force and Weight 


of deformations 


ot 


Force is the cause > 
Pressure 
change in motion body 


ot a 
with which the earth pulls 
The 


kile Pp ynd or 


the 


the wetght body is torce Pressure 1s torce 


t 


tmosphere 


body Irs basic unit ¢ 


weight kp cm* (a 


pound psi 


All 
tion of pressure gages 


lead 


toward its center unit 


1 
is 1 


force 


This 


under 


and 


force is the weight of a unit the basic stand: 


mass the standard acceleration 


of 


gravity weight testers, « 


F 
At other accelerations of gravity g balances, and manome 


a mass m has a weight of m vy), 2 columns, use certain 


When load 


cells, proving rings, and mass to provide press 


At present, the NBS calibrations of 


load cells and proving 


1 NBS calibrated 


calibraric n 


Nes 


weicht 


iS, ( 


he calibra 


a 


if th 


must 


evices are be In Vicw ¢ 


calibra S again be corrected 


by by gig. or Ag 
] Calibration curv pre 
d vali and details indi 


NBS 


re, the 


multiplied I as described pre 


Ag 


Ss ust 


sent correct¢ 


rings give th taine 


number of pe unds mass and 


eights 
ration of 
ashington 

NBS data must 
9 SOO8 


Table 


icnts 


factor Acceleration of Gravity 
0.06 
rl 


Il lists the lerations of 
instru! 


ISS1i¢ Loca 


rt 


MAES : lifferent 
casurement(s 
leviacions ¢ 


© 4 these 


Aft ol al m the interna 
t previously 


} 


bal TC 


tional Stal 
cs 
ri 
mecnts . 
ion accei¢ecration 
O 
ayreement 


neasured 


table can for exan 


pi 


ascertaining the per cent correc 


employing an 


necessary when 


NBS cal 
Arsenal 


d load cell the Red 
The mi 
the NBS calibrated de 


ed 


ibrat 


C 


iss m¢ rements 


is 


irds 
t by 
By 


table the 


COrres i i 


1.0004 percent 


ters with cor 


quantities 0.06 
i 


ro 


ire, OF 


Automatic Traffic Cop 


An infrared traffic detector, designed for “in-minutes 


installation and easy mobility from one location to an 


other (to cope with changing traffic patterns), 


introduced by the Heiland Division of Mpls.-Honeywell 


has been 


wide 
offi 


used 


Called the Traffitrol Detector, the device offers 
flexibility to traffic engineers and law-enforcement 
It be 


with all types of existing traffic control boxes and 


cials in studying and controlling traffic can 


con 


trol computers to actuate semaphores in accordance with 


traffic flow 


infrared techniques makes the detector 


The of 


highly accurate, virtually foolproof, and able to count cars 


use 
traveling at up to 80 miles per hour 


Measuring only 84% x 8% x 9 inches and weighing 
but 18 pounds, this “traffic eye” can be mounted easily 
on utility poles, sides of buildings, or in any other con 
venient location within 50 feet from the roadway. Its 
beam is directed downward onto the traffic 


and the reflected beam travels back to a receiver 


infrared 
lane(s), 


Honeywell’s Traffitrol Detector keeps an eye on 
traffic at a busy Denver, Colorado intersection. 


a 
venicles 


As 
] 


counted 


interrupt 


Either single-la or multilane traffic on 


asphalt, concrete, gravel, or dirt roadways can be regulated 


1g is so simple and 


etector is useful especially d 


versatile, th 


ror 


Because its mountit e new 


| 


a 


traffic tests, con 
trolling the flow of vehicles through detours, and 1 


uring 
n other 


tc mp< Wary situations 
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Vacuum Words Are Important 


With today's rapid advancement 
in vacuum technology and its ever 
wider industrial application, vacuum 
instrumentation is assuming more and 
more importance for the instrument 
engineer. And, as is true in all mod- 
ern technologies, adequate, accurate 
and uniform vacuum instrument term- 
inology is becoming more and more 
essential to his vocabulary. 


To promote more universal usage 
of correct, accepted vacuum termin- 
ology, ISAJ reprints below, by per- 
mission of the Standards Committee 
of the American Vacuum Society, 
those parts of their "Glossary of 
Terms Used in Vacuum Technology''t 
that concern instrumentation and 
measurement. 


Pressure Terminology 


ATMOSPHERIC PRESSURI The 
pressure of the atmosphere at a speci 
ried place and time 


a. The standard atmosphere, or normal 


itmosphere, is defined (independently 


of barometric height) as a pressure of 

1,013,250 dyne/cm*.* 

[The normal atmosphere has also 
en defined as the pressure exerted 
a mercury column 760 mm in 
ight at OC 


ion of gravity of 980.605 cm/sec- 


under standard accelera 


Assuming a density of mercury at 0 ¢ 


t 14.59509 g/cm 


this is equal to 


3.249 dyne/cm 


GAGI PRESSI RI A term used in 


engineering literature to indicate the 


lifference between the absolute pres 


S 


re and atmospheric pressure as read 
from a differential manometer having 


irmospheric pressure on the reference 


ital termi 
ubject pres- 
ga theory ga Tiow 

1 leak detectior plumb- 

: seven areas of vacuum applica- 

ior It can be obtained from The 
American Vacuum Society 30x 1282 

soston 9, Mass.; price $1.00 to AVS me 

bers, $2.00 to non-members. This pre 

t glossary is to be considered tenta- 
the 


er 
tive until approved or amended by 
American Standards Association 


*¢@ Where alternate terms exist AVS 

prefers those terms or definitions 

marked by an asterisk; terms marked by 
are to be avoided 
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ABSOLUTE PRESSURE. A term used 
in engineering literature to indicate 
pressure above the absolute zero value 
corresponding to empty space or the 
absolute zero of temperature as dis 


tinguished from gage pressure 


MILLIMETER OF MERCURY. A 
unit of pressure corresponding to a 
column of mercury exactly one milli 
meter high at O°C under standard 
acceleration of gravity of 980.665 cm/ 
sec-. By “mercury at 0°C” is meant a 
hypothetical fluid having an invariable 
density exactly 13.5951 g/cm*. Ab- 


breviated as mm He. 


MICRON OF MERCURY. A unit of 
pressure equal to 1/1000th of one mil- 
limeter of mercury pressure. Abbrevi- 
ated at u of Hg or u Hg 

MILLI-MICRON OF MERCURY. A 


unit Of pressure equal to 10 mm of 


Hg. Abbreviated as mu Hg 
BAR. A unit of pressure equal to 10' 


dynes per square Centimeter. 


MiLLIBAR. A unit of pressure equal 
to 10” 


Abbreviated as mb 


dynes per square centimeter 


MICROBAR. The unit of pressure in 
the cgs system and equal to one dyne 
per square centimeter. (In British lit- 
erature the term barye has been used.) 


} 


Abbreviated as u/ 


TORR*. Suggested international stand 
ard term to replace the English term 
millimeter of mercury and its ab 
breviation mm of Hg. The Torr is 
defined as 1/760 of a standard atmos- 
phere or 1,013,250/760 dynes per 
square centimeter. This is equivalent 
to defining the Torr as 1333.22 
bars, and differs by only one part in 


miccto 


seven million from the International 
Standard millimeter of mercury. It is 
recommended that Torr not be ab 
breviated. However, the abbreviation 


t has been used 


MILLITORR. A proposed new unit of 


pressure equal to 10~° Torr. 


MICROTORR. A proposed new unit 


of pressure equal to 10 Torr. 


HIGH VACUUM.* The term high 
vacuum has frequently been defined 
as a pressure less than some upper lim 


itr, such as 1 mm Hg or 1 u Hg. High 
vacuum, and similar vacuum terms, 
should not be defined as a pressure, 
but rather as the condition or state 
in a gas-filled space at pressures less 
than some upper limit or within spe 


cified limits 


a. High vacuum is defined as the con 
dition in a gas-filled space at pressures 
less than 10~*° Torr.* 
b. The following classification of de 
grees of “high vacuum” has been pro 
posed 
Condition Pressure Range 
High Vacuum 10 
(microtorr range) 


‘to 10~-° Torr 


Very-High 

Vacuum 1O-* to 10~* Torr 
(nanotorr range) 

Ultra-High 

Vacuum:* 10~* Torr and below* 


LOW VACUUM.* The term dou 
vacuum applies to the condition in a 
gas-filled space at pressures less than 
760 Torr and greater than some lower 
limit. It is recommended that this 
lower limit be chosen as 25 Torr cor 
responding approximately to the vapor 
pressure of water at 25°C and to one 
inch of mercury.* 


classification 


schemes which have been proposed 


a. Two self-consistent 
for the pressure range from 760 to 
lO Torr are as follows 
Condition Pressure Range 
Low Vacuum 760 to 25 Torr 
Medium Vacuum 25 to 10~* Torr 
Rough Vacuum 760 to | Torr 
(Torr range 
Fine Vacuum 1 co 10~-* Torr 
(millitorr range 


Vacuum Gages 
and Measurement 


MANOMETER. An instrument for 
measuring pressure of gases and va 
pors whether above or below atmos 


pheric pre ssure. 


VACLI IT IM GAC ri a manometer for 
pressures below 760 Torr. Terms such 
as vacuum gage, Pirant gage, 1oniza 


tion gage, etc. should be used only 








when referring to the complete gage 
and not merely to the gage tube. 

DIFFERENTIAL MANOMETER. A 
manometer which indicates the pres- 
sure difference across two ports. 

DISPLACEMENT MANOMETER. A 
differential manometer which indicates 
the pressure difference, if any, across 
a solid or liquid partition which can 
be displaced against a restoring force 


DIAPHRAGM MANOMETER. A 
displacement manometer employing a 
flexible diaphragm as the movable 


partition. 


LIQUID LEVEL MANOMETER. A 
displacement manometer employing a 
liquid as the movable partition and 
providing means for observing the 
change in level of one or both of the 


tree surfaces 


MANOMETRIC EQUIVALENT. The 
length in millimeters af a vertical col 
umn of a given liquid at standard room 
temperature equivalent to one milli 


meter of mercury at 0 ¢ 


STANDARD ROOM TEMPERA 
TURE. a. Standard room temperature 
is defined as 20°C, which is equivalent 
to 68°F. b. In many localities the av 
erage room temperature is higher than 
20°C, and therefore 25°C (or 77°F) 
is chosen as the standard room temper 
ature for comparison of pressure and 


flow in vacuum systems. 


ABSOLUTE MANOMETER. A ma 
nometer whose calibration can be cal 
culated from the measurable physical 
constants of the instrument and which 
is the same for all ideal gases 
VACUUM GAGE TUBE. The part of 
a vacuum gage which contains the 
elements exposed directly to the vac- 
uum system including the pressure 
sensing means, the envelope or means 
for supporting the operating elements, 
and any connecting tube attached per 
manently to the envelope 
THERMAL CONDUCTIVITY VAC 
UUM GAGE. A vacuum gage con 
taining two surfaces at different tem 


peratures between which heat can be 


transported by the gas molecules so 
that changes in the temperature (or 
in the heating power required to 
maintain constant temperature) of one 
of the surfaces can be correlated with 
the gas pressure by calibration against 
a McLeod gage. Various types of 
thermal conductivity gages are dis- 
tinguished according to the method of 


indicating the temperature change. 


The common types are 

a. Pirani gage. An increase of pressure 
from the zero point causes a decrease 
in the temperature of a heated fila- 
ment of material having a large tem 
perature coefficient of resistance t} 
unbalancing a Wheatstone bridge cir 
cuit (or the circuit is adjusted to 
maintain the filament temperature con 
stant) 

b. Thermocouple gage. The decrease in 
temperature of a heated filament as the 
pressure rises is indicated by decreased 
emf in a thermocouple circuit having 
the junction in thermal contact with 
the center of the heated filament. 

c. Thermistor gage. A form of Pirani 
gage employing a thermistor as the 


heated element 


d. Bimetallic strip gage. Deflection of 
1 bimetallic strip with changing tem 
perature indicates pressure changes 

IONIZATION VACUUM GAGE. A 
vacuum | age Comprising a means of 
ionizing the gas molecules and a means 
of correlating the number and type of 
ions produced with the pressure of 


the gas. The common types are 


1. Hot cathode tonization gage. The 
ions are produced by collisions with 
electrons emitted from a hot filament 
(or cathode) and accelerated by an 
electric field. Also called hot filament 
tonization gage, 1onization gage, of 
simply ton gage 

b. Cold cathode tonization gage. The 
ions are produced by a cold cathode 
discharge, usually in the presence of a 
magnetic field which lengthens the 
path of the electrons between cathode 
and anode. The discharge tube is a 
transparent tube in which the color 
and form of a cold-cathode discharge 
(without the presence of a magnetic 
field) gives an indication of the pres- 
sure and the nature of the gas. The 
Phillips ionization gage, or Penning 
gage, is a cold-cathode ionization gage 
in which a magnetic field is directed 
parallel to the axis of an annular elec- 
trode (normally the anode) located 
between two plate electrodes perpen- 
dicular to the axis 

c. Radioactive tonization gage. The 
ions are produced by radiation (us- 
ually alpha particles) emitted from a 
radioactive source. 
KNUDSEN GAGI 
measures pressure in terms of the net 
rate of transfer of momentum by mole- 


A gage which 


cules between two surfaces maintained 
at different temperatures and sepa- 





SHALL WE ADOPT THE TORR? 


Gaining approval of standard 
terms is not an easy matter. For 
example, there is considerable lack 
of agreement internationally as to 
whether the Torr should be adopted 
as the unit of pressure for vacuum 
technology. 

The American Vacuum Society 
Standards Committee feels that the 
millimeter of mercury (mm Hg) is 
an undesirable pressure unit because 
its actual measurement depends on 
local gravity, the density and com- 
pressibility of mercury, temperature, 
absence of a mercury meniscus, and 
length measurement of a truly verti- 
cal column. Too, spelling and ab- 
breviation of this unit differ between 
languages, and the “millimeters” 
could be confusing unless “of mer- 
cury” always were added. 

So AVS is recommending adoption 
of the “Torr” — named in honor of 
Torricelli, early worker with mercury 
columns and vacuums. (See text for 
full definition of Torr.) 











rated by distance smaller than the 
mean free path of the gas molecules 


Also called radiometer vacuum gage. 


DECREMENT GAGE. A gage in 
which pressure is measured by the 
rate of decay in amplitude of the 
oscillations of an element suspended in 
the gas and set into motion by ex 
ternal controls. The principle types are 
a. Ouartz fiber eage. The oscillaring 
element consists of one or more quartz 


fibers 


b. Quartz membrane gage. The oscil- 
lating element is a quartz membrane 


suspended by fibers. 


c. Oscillating disk gage. The oscillating 
element is a thin disk (usually of glass) 
suspended at its center by a wire and 


located between two fixed plates 


M¢ YLEC ULAR DRAG GAGE. A vac- 
uum gage in which tangential momen- 
tum is transported (viscous transport) 
by gas molecules from a rapidly ro- 
tating member (usually in the form of 
a disk or cylinder) to a nearby mov 
able member restrained by a restoring 
torque which can be correlated with 


£as pressure 


McLEOD GAGE. A liquid level vac 
uum gage in which a known volume 
of the gas, at the pressure to be meas- 
ured, is compressed by the movement 
of a liquid column to a much smaller 
known volume, at which the resulting 
higher pressure is measured 
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Figure 1. Block diagram of a system that includes both 








eee 


process and measurement 


time delays. Note the point in the system where the step disturbance is introduced. 


— 


Predicting Controller Settings 


A Computer Approach to Optimum Process Control 


by L. R. FREEMAN 
and R. L. OWEN 
Phillips Petroleurn Company 
Bartlesville, Oklahoma 


When time delays are included in 
otherwise linear systems, convention- 
al frequency-response techniques for 
attaining optimum control prove in- 
adequate. Here is a feasible digital- 
computer approach to this rugged 
problem. 


A PERPLEXING 


typical of the chemical process indus 


s9roblem very 
I 


tries, is the difficulty in adequately 
describing a process and its dynamics 
by theory. The result is a frequent 


ise of approximate or experimental 


dynamic characteristics. Because it 1s 


apparent that most processes exhibit 


a pure time-delay trait, and moreover 
because many process 
dominated by 


trait, these time delays must be in 


responses ap 


pear to be highly this 
cluded in any theoretical description 
of a chemical process. Their inclusion, 
however, in a process control loop 
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otherwise assumed to be linear — 
makes it difficult to predict optimum 


controller settings on paper. This “op- 


timum control” is defined here as 
that control minimizing some error 
criterion such as 

f ¢ [ E(t) |-dt 


When time delays arc involved, 


the usual n..thods for system analysis, 


such as differential equations, become 


extremely difficult, if not impossible, 
to use. Although the Laplace trans 
form makes it possible to prepare 
equations describing a system, the 
resulting system equations may be 


difficult to evaluate and, even 


when evaluated, they do not provide 


quite 


a means of finding the optimum con 


trol. Similar criticism can be directed 


to the root-locus approach 
difficulties, it 


In view of these 


seems only reasonable to consider 
computer techniques for finding op 


With 


question 1S 


timum control this in mind, 


the next whether to use 
simulator or a 
Many 


final decision depends simply on the 


general- 
the 


an analog 


purpose computer times 


availability of special time-delay hard- 


ware required for the analog simu 
lator. Without special memory equip 
ment of some type (paper tape, mag 


netic tape or drums, and banks of 


capacitors), it is difficult to accom- 


plish accurate, long time-dela gen 


eration by analog methods. Because 


such equipment was not available at 


the time this study was made, a 
digital computer was used 
Proposed System 

As part of the program, a control 
loop problem involving time delays 


was prepared tor solution by the digi 


tal computer. The problem was to 
serve the following purposes 
study feasibility of handling this 


type pro! lem on a digital computer 
obtain relative numerical indication 
of how measurement and process dy 
namics affect control quality 
3. obtain a set of optimum controller 
settings for the simplified system by 
using a variety of loop characteristics 
The closed-loop system (Figure 1) 
used for the study deliberately was 
kept relatively simple. To more close 
ly simulate actual process conditions, 





the load, rather than rhe setpoint, was 
disturbed 

The transfer function for the three- 
mode controller is a standard form, 
which includes a cutoff time constant 
(T,). Following the controller is a 
first-order lag, corresponding to either 
a control-element lag, a portion of 
the process preceding the introduc 
tion of the load disturbance, or a 
combination of the two. 

Both the process and measurement 
functions are described by a combina 
tion pure time delay and first-order 
lag”, a representation seemingly quite 
adequate for much control work. Fig 
ure 2 shows how two approximation 
methods (graphic and least squares) 
match the actual step response. From 
a practical aspect, there is only a 
slight difference in the results 

If the true error in the output is 
defined as E(t), the error response 
to a step load disturbance may be 





NOMENCLATURE 


Amplitude of step 
disturbance 
Term used in 
Volterra’s equa- 
tion 

Time delay 

Error at process 
output 

Error as seen at 
recorder - con- 
troller 

Term used in 
Volterra’s equa- 
tion 

Gain 

Time constant 
Unit step 
Laplace transform 
operation 
Subscript refer- 
ring to controller 
Subscript refer- 
ring to derivative 
mode of controller 


Time increment 
Subscript refer- 
ring to integral 
mode of controller 
Subscript denot- 
ing multiplier of 
h 

Subscript denot- 
ing multiplier ol 
h 

Subscript refer- 
ring to measure- 
ment 

Subscript refer- 
ring to process 
Laplace operator 
Time 

Coefficient of ex- 
ponent 
Coefficient of ex- 
ponential 

Term in summa- 
tion 


Exponential 


written in Laplace transform notation Subscript refer- 
as equation 1, below ring to control Time, different 


: element from t 
Superior numbers refer to_ similarly 
numbered references at the end of this 
paper 














STEP RESPONSE 





£-0s 5. T= 
S41? D=62.3 SEC, T= 29.02 SEC 4 


BY LEAST SQUARES /% 
4 


£-08 454.5 SEC,T=32.9 SEC, 
/ 


TS+l 
BY GRAPHICAL -™ 
METHOD 


PERCENT RESPONSE 


Figure 2. 
Curves indicate 
how two 
approximation 
methods L m L ‘ Paes 
(graphical & 100 ~=—«*'120 140. ~—- 160 180 =. 200 
least squares) 
compare with an SECON DS 
actual step 

response. 
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Table I. A listing of the values used for 


the 


during 


different 
the 27 


control-loop 
experimental 


variables 


cases. 


Table II. These are the optimum controller set- 


tings and resultant ITA(E/A)’ valucs for the 
when the control-loop variables are given 


cases 
as shown 


shown occur at t 


in Table L 
15 (D, 


The ITA(E 


A) 


27 


values 
D.,.), in T. time units 





0.761 

0.562 
0.597 
0.599 
0.623 
0.587 
0.598 
0.510 
0.555 
0.502 
0.444 
0.373 
0.363 
0.335 
0.410 
0.312 
0.215 
0.689 
0.368 
1.011 

0.524 
0.473 
0.495 
0.515 
0.547 
0.515 
0.444 


i 


: 7 
(In T. Time 


292.346 
310.468 
319.003 
319.341 
592.338 
606.658 
570.060 
509.336 
705.094 
759.825 
623.141 
531.546 
784.017 
882.866 
903.214 
805.672 
531.260 
17.909 
695.323 
464.712 
£83.892 
690.660 
845.215 
673.035 
951.338 
657.595 
726.529 


Ta 
Units) 


0.106 


0.0754 
0.112 

0.0262 
0.0268 
0.0098 
0.726 

0.558 

0.4005 
0.0074 
0.1499 
2.1435 
1.584 

0.103 

1.5765 
0.0158 
0.0500 
0.0097 
0.0076 
0.0121 
0.0078 
0.0432 


ITA(E/A) 


147151.6 
155588.4 
156228.9 
155966.4 
468062.7 
480666.8 
484214.1 
575522.9 
1086713.2 
1186483.5 
1231778.5 
2094901.9 
4327187.7 
4967625.8 
5158290.9 
5513807.0 
7227779.0 
328.327 
3355120.1 
156120.3 
1401118.5 
914107.1 
1370932.6 
1009931.7 
1351882.8 
995101.36 
1279811.6 
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Likewise, if E’(t) denotes the error 
as seen at the controller-recorder, the 


response is: 


Dm* 
u(y (2 
” 1 Ga -T) , 


As noted previously, the criterion 


E’(s) 


of control quality is the true error 
in the output E(¢) squared, multiplied 
by time, and integrated with respect 
to time 


ITA(E)- 


f tl E(t) |* dt. 
ITA(E)= 


abbreviation 


evolves from 


The 
the commonly 


term 
used 


ITAE 


where ITAE means the 


the time absolute error product 
In addition to its use in obtaining 


integral of 


optimum controller settings, this cri 
terion provided a relative measure of 
control quality. 

For instance, if equal amplitude 
disturbances and consistent evaluation 
times are maintained, the ITA(E/A)- 
values shown in Table II can be used 


as a relative measure of system re 
covery from a given disturbance. That 
of Case | better 
Case 10, as evidenced 


by the lower value of ITA(E/A)-* 


is, the system has 


recovery than 


Computer Solution 


By using the controller cutoff time 


constant (7) as the basic time unit 


and solving for the ratio of error 


amplitude to step-disturbance am 
plitude, the proposed problem was 
presented for digital computer pro 
graming in dimensionless form. As 
typical values, controller gains of 50 
and 5 for 


were chosen 


for the integral gain K;,, 
the derivative gain K, 
All other gains in the loop except K,, 
the proportional gain of the controller, 
No limits 
were placed on the controller settings 
(Ti, Ta, and T,) so that all possible 
values of these parameters could be 


were assumed to be unity 


investigated. 
Equation (1) for E(s) was manipu 
latéd into the form of equation 4 
The inverse transform of this equa 
integral 


tion may be into an 


cquation of the type known as Vol 


put 


tefra’s equation of the second kind® 
This is shown in equations 5, 6, and 7 

Equation (5) was solved numeri- 
cally by dividing the interval from 
0 to ¢ into equal increments having 


length 4. By using the same grid for 








i as for ¢, and approximating the area , Angee for E,/A and recognizing that in this 
: AF, h > EB,, (11) 
j=1 


under the curve by summing the areas problem By» 0 led to the tabula- 


of rectangles (width 4, height tion of the time response at times 
a : As ¢ increases incrementally (or as “ 
right-side ordinate), it was possible ; ; y t nh as in equations 16 and 1 

. nm and 7 assume increasing values), it :' 
(following) and 18 and 19 (bottom 


to perform the integration. The fol- 
is possible to obtain the following 


lowing notations indicate the points of page) 
at which the functions were evaluated Ey AF, (12) 


E(nh) (8) E, AF, } E, By, (13) 


E» AF, — b(E,Be; + E2Beo2) 


(14) 


jl 
*(w ) 
F( nk Seeing that F(t) was the only func 


Bini ih (10) tion changed, the value of E’(¢) was 
calculated similarly. The value of 


ITA (E/A)*, in turn, was approxi- 


, E, AF, h > E,B, (15) 
Using these notations, equation (5) , 
can be presented in incremental form Solving each of the above equations mated by the Trapezoidal Rule 


where the a’s and #’s, derived by the 
tedious computation of the indicated 
inverse Laplace transtorm, are coeffi 
cients involving T,, T», T., Ti, 7 


| Ky, and Ka 
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K 73708111 0.318532 10°‘(D, + D,,.) — 0.66628108 iO" (Felas 
| 15913931 10°' (T,T.) + 0.16126405 'O* (7 ada) 

).32001779 16°* (DD...) 0.14881386 10-** (D.T,) 
0.12222814 IO (3 pk) 0.48225069 10° (D 
0.10974268 io? (7 0.27055331 10° (T 
0.74808516 iO? (37 .) 0.75669709 10° (D,T 
0.12222806 10 yb 0.55701122 10 D 
0.325424 '6* (2). 7...) 0.32926566 19° (T 
0.8329092 0) | a 0.32203579 10° (T.) 

I 38 D 63.428638 1.4405512 (D 
(0): 16 10° (D,D,. ) 0.16306569 10 Dot 
0.80605145 ie Clot mke) 3.6212354 (T,+T Tr 
169909218 10°? (DF e) 0.18054388 10 pie 
0.10021419 10 Tak + 0.50136386 10°* (DT 
3.7569934 (7 0.41165228 re (F540) 3.2427953 (T 

0.11841840 IO * (D1 0.26603978 107 (D..T 

0.23878404 10° (D,, T,) + 2.8984991 (T 0.52989163 (D,+D 

l 1.2788753 0.33108302 10“ (D,+D..) 0.10599852 10* (D,D 
0.10661158 (D 0.22234654 (T,+T,+T 
0.245587 0 Lolth: 0.11129031 1e* {2.7 - 
0.53896015 10 ; ek 0.35326788 10 Lod») 
().46059666 10 T 0.33821813 107 (7k 
0.31306764 10 DT.) ). 786549 1¢ 10 DT 
0.59926905 « 10°' (D,T 0.10318059 « 10 ' (D,,T 
0.14499372 (T,) 0.54438072 10'(D 
0.14148394 (T.) 0.14111757 (T 

ITA(E/A) 19.945659 (D,D 154.85167 (D,+D 
0.30376414 (T,T,,T.) 10,167.378 (D t 4766.5444 
5.1450852 (D,,T 3.1335643 (D..7.) 59.259491 (T,T 
45.134891 (T,T.) 8483.1206 (T,+T.,+T.) $1.518788 (T,,,T 
4.5148355 (D,T.) + 11.507919 (D,T,,) + 9.8561091 (D,T 
1780.4771 (T.) 0.86172124 (D,,T.) 3315.8477 (T,) 
754.91897 (D.,) 3059.8203 (T,,) 











Table Ill, (Above). Empirical equations are fitted to data from Table I in 
determining controller settings and ITA(E/A) values. All time-related 
terms are in T. time units. Table IV, (Below). Simplified versions of empir- 
ical equations in Table III. All time-related terms are in T. time units. 





K 0.70526507 0.23865206 O* (D,-+-B5,) 
0.11306959 10° (T,T,.T.) + 0.18434676 O° (7.3 


T 1.6431031 «D 10.306443 +- 0.78313917 (D 
0.37801696 »~ 10° (D,D,,) -+ 0.23692504 10 (D.T.) 
0.21479078 ie €25h0% + 0.85162547 (T,+T,+T.) 


ar 1.7319528 — 0.1864078 10° (D,+Dn) + 0.11429237 10° (D,D 
0.88387934 10” (D,) + O0:89010656 x 10° (T,-+-T,..+T.) 
0.23268344 x 10° (T,T.»T.) + 0.7231483 ~« 10° (D,.T,) 
0.42826741 Oe (late 0.8141575 « 10° (D,T,) 

0.459641 alll ke he 0.45374642 eee i 


ITA(E/A) 9.782459 (D,D.,) 1210.9239 (D,+D,,) 
+ 0.30328211 (T,T..T.) 4696.9195 (D,) 46,070.641 
897384 (D,,T,) 3.3764826 (D,,.T»,) 
55.191379 (T,T,,) —43.46945 (T,T.) 
5§203.1936 (T,+T..+-T.) 34.899528 (T,,T.) 
Use for (D, + D,.) 400 


logy. (ITA(E/A) 2.7584811 + 0.86135094 10°? (D,+D,,) 
0.10206796 « 10°' (D,) 0.12201614 x 10°‘ (D,D.,) 
0.54600270 Se eS, eS, eT 0.2213537 io (7 .) 
0.44068975 « 10° (T.) 0.50484510 a A eB 
0.82106571 « 10°‘ (T,T 0.46648514 « 10° (D,,T,) 
0.70616532 oe €2 eet 0.78094833 ~ 10°‘ (T,.T.) 
0.59038094 « 10° (D,,T,,) 0.24191631 10° (D.T,) 
0.22027288 ~« 10°' (D,T,,) + 0.36236539 10 ee 
0.43780199 107 (Ta) 0.43605861 ~« 10° <T,) 
0.77702293 10* (2D. ) 

Use for (D, + D,.) 400 
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By using the preceding equations, 


a program was prepared for a Data 


tron 205 computer. Although Equa 
tion (5) is the basic equatio., its 
ipproximation, Equation 19), was 
programed into the computer and 
evaluated at successive increments of 
time. Also included in the program 
was a procedure for changing the 
controller settings incrementally so as 
to minimize the value of ITA(E A 

This procedure was essentially the 
Methed of steepest Descent,’ which 
employs partial derivatives to indicate 
the required amount and direction of 
movement for the controller settings 
When this procedure resulted in a 
change of ITA(E A less than 

preset tolerance, the optimun condi 
ons were assumed to have been 


attained 


Control actions of ditterent systems 
can be compared more meaningfully 
if each system has progressed through 


a reasonable number OF cycies in ifs 


recovery after a disturbance. Seeing 


that the pericd of oscillation of the 
proposed system depende | heavily on 
time delays, the time duration of r« 
sponse to be investigated was chosen 


lelay 


as 15 times the sum of the time « 
D, + D in the loop 


Results 


It was the original intention of this 
program to investigate thoroughly a 
broad range of control-ioop variables 
Solution time to obtain optimum set 
tings for just one set of conditions, 
however, could be as long as. three 
hours, depending on the controller 
settings chosen as initial conditions 
To reduce the computer time to a 
reasonable value, therefore, a second 
order, 5-variable, composite statistical 
design was used for selecting loop 
conditions as multiples of D, for a 
region of interest’. This statistical 
design necessitated the study of 
separate cases on the computer The 
cases investigated were almost ex 
clusively in the area where measure 
ment delay D,, was longer than proc 
ess delay D,,. The only exception was 
Case 20, where D,, was only 0.1 D 
Table Il shows the values of the lo P 
variables for the 27 cases, whereas 
Fable Il presents the resulting opti 
mum controller settings and ITA 
(EF A)- values. The responses of E(/ 
and E’(t) for several cases are depicted 
in Figu-es 3 and 4 

in™ the cpt ings t 


locp variables, 2 least-squares co: 
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puter routine, known as the “predomi least-squares fit. The largest errors to program, will prove 
nant variable” regression technique, existed in the equation for derivative for the solution of fu 
was used for “fitting” equations to mode time constant Ty, because its and expanded probl:ms of this type 


the controller settings*. Similarly, the optimum value was very small in most It is hoped that the equations devel 
values of ITA(E/A)*? were “fitted cases. This substantiates the generally oped and results presented in this 
; 


to an equation. This routine investi known relative ineffectiveness and paper will be of he!p in improving 
| } 1 


gates the variables, finds the one that impracticality of the derivative con the design of processes for controll 


causes the largest reduction in the trol mode for loops dominated by ibility, in handling special control 


residual sum of squares, and calculates time delays problems, and in selecting controller 


the coefficient of that variable. Then Depending on the durations of the settings in existing control loops 


it investigates the remaining variables time delays in the loop, the simplified 
to ascertain the next mot effective equations for ITA (E A)* may take References 


one in reducing the residual sum of one of two forms. This was discovered ee .D R 
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When Do You Pick a Peach? 


Spectrophotometer 


Measures Fruit Maturity 


by GERALD S. BIRTH (ISA Member) 
Agricultural Engineer 
Agricultural Marketing Service 
United States Department of Agriculture 
Beltsville, Maryland 


This portable spectrophotometer, 
whose components excluding the re- 
corder cost only $400, is ‘just what 
the doctor ordered"’ for making non- 
destructive maturity tests on fruit 
samples. 


FOR A LONG TIME, there has 
been a need for a method to non 
destructively test agricultural products 
for quality. This need may finally be 
fulfilled with the development of the 
Horticultural Spectro 


instrument for re 


Hortispect 
photometer), an 
cording transmittance spectra and in 
dicating the peak-transmittance wave 
length (a maturity index) of intact 


] 


fruit samples (Figure | 


ISA Journal 


The new design embodies specific 
objectives that make the instrument 
1. inexpensive 
2. portable 

simple to operate 

adaptable to fruits of different size 

and shape 

able to provide reproducible results 

Figure 2 shows a schematic diagram 
of the Hortispect including the optical 
arrangement of the instrument, the 
high-voltage power supply, control cir- 
cuit, sensitivity and zero controls, and 


the recorder. 


Design 


It is well known that the dispersion 


element of the monochromator de 


termines many of the basic characteris 
tics of a spectrophotometer. This ele 
ment in the Hortispect is a wedge 
interference filter that covers a wave 
length region of 400 to 700 mu. Tests 
indicated that a bandwidth of about 
14 mu could be obtained with a 3/32 


inch slit; any further reduction in the 


Figure 1 
“Hortispect” 
is comprised 
of: (1) high 
voltage 
supply; (2) 
Monochro- 
mator, con- 
trol circuit, 
and inte- 
grating 
sphere; (3) 
zero and 
sensitivity 
controls; (4) 
recorder. 


slic width reduced the energy level but 
not the bandwidth. Stray light from 
the wedge filter is about 1 part in 200, 
an allowable amount for recording 
spectra in the region of maximum 
transmittance 

The light source is a 6-volt, 100 
watt, prefocused-base, ribbon-filament 
lamp. Focusing this light onto the 
filter is a short-focal-length microscope 
lens. This arrangement provides a spec 
tral bandwidth near 14 mu and main 
tains a fairly high energy output. A 
reversible synchronous motor drives 
the filter to scan the spectrum; and a 
revolution counter, geared to the mo- 
tor, indicates the wavelength of light 
being transmitted by the filter 

To compensate for nonuniform pig 
ment distribution in fruit samples, an 
8-inch sphere integrates the trans 
mitted light. The sphere also encloses 
the sample when a measurement is 
made, thus eliminating ambient light 
and assuring that the phototube meas 
ures only the light transmitted by the 
sample. A modified drill-press stand 
raises and lowers the sphere to provide 
easy access to the sample position 
Inasmuch as the opening in the sphere 
is 4 inches, any sample having a maxi- 
mum dimension of 4 inches or less 
can be inserted in the instrument for 


measurement. 


Operating Controls 


The controls for operating the in 
strument consist of on-off switches tor 
the instrument, lamp, and power sup 
ply, together with a scanning direction 
switch that controls the motor’s direc 
tion of rotation. A switch starts the 
motor scanning from blue to red until 
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Figure 2. Schematic 
diagram of the 
complete instru- 
ment with 

details of the 
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arrangement. 
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Figure 3. Spectral transmittance 
curves of 3 plums. Relative trans- 
mittance scale is proportional to 
the logarithm of transmittance 
over a 2-cycle change. 








a relay assumes control of the motor 
for indicating the wavelength of peak 
transmittance. For recording spectra 
the instrument scans from red to blue 
There are no sensitivity or zero ad 
justments for determining the wave 
length of peak transmittance. In fact, 
the operator needs to operate only two 
switches for each determination—the 
start switch and the scanning direction 
switch. To use the Hortispect as a spec- 
trophorometer, however, a recorder, ze- 
ro control, and sensitivity control are 
required. In operation, the instru- 
ment is similar to a conventional sin- 
gle-beam recording spectrophotometer 
With a 
sensitivity, equivalent to an optical 
density change of 0.1, can be obtained 


10-mv recorder, a full-scale 


Sufficient zero adjustment is available 
to permit recording with this sensi- 
tivity at any optical density level from 
0 to 


“Electronic 


Controlling the power of a nuclear 
chain reaction will be the job of a 
transistorized “electronic brake” to be 
constructed for the Atomic Energy 
Commission's new Pathfinder Atomic 
Power Plant at Sioux Falls, South 


Dakota. 


A product of the Bendix Corpora- 
tion's Cincinnati Division, the unit 
will automatically and continuously 


Results 


Application of the Hortispect to 
recording transmittance spectra 1S 
demonstrated by curves showing three 
different maturity of purple 
plums (Figure 3). Inasmuch as the 
ratio of incident energy to transmitted 
energy of the sample is influenced con- 
siderably by the size of the sample, no 
significance is attributed to this ratio 

However, the important differences 
in the curves relative to maturity are 
the wavelength shift of the peak at the 
left (wavelength of peak transmit- 
tance) and the change in the trans 
mission minimum at 670 mu (chloro- 
phyll absorption) relative to the maxi- 
mum at the right. The units of the 
ordinate are arbitrary but proportional 
to the logarithm of transmittance and 
equivalent to a 2-cycle change in 


transmittance. 


stages 
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Figure 1, (Left). Cross section of the new ultrasonic flowmeter. Figure 2, (Right). 
The ultrasonic beam, propagated across the stream, is deflected by the flowing liquid. 


A New Ultrasonic 


Flowmeter for Industry 


by DR. H. E. DALKE 
Head of Ultrasonic Instrument 
Development 
and 
DR. W. WELKOWITZ 
Director of Research and Development 
Gulton Industries, Incorporated 


Metuchen, New Jersey 


This new volumetric rate-of-flow 
meter operates on a novel principle 
—measurement of the amount of 
deflection of an ultrasonic beam 
propogated across the stream which 
is caused by the velocity of the 
flowing liquid. The meter yields mass 
flow rate, as well, if the volumetric 
flow rate is multiplied by liquid den- 
sity measured through an acoustical 


impedance techivique. 


FOR ABOUT ten years, efforts have 


j 


been made to ultrasonic tech 


1 flow. All 


uthlize 
niques to measure liqu 


these methcds have been based on 
measuring the eftect of the flow on the 


velocity of sound either by pulse tech 


ociated with the Philco Corpo 
Philadelphia, Pennsylvania 


*Now a 


ration 
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: This 


approach also was taken in the first 


niques or phase techniques 


commercial industrial ultrasonic flow- 


meter 


The flowmeter described in this 
paper works on a different principle 
t uses the ability of the flowing liquid 
to deflect an ultrasonic sound beam 
sropagated transversely to the flow 
Che technique first was proposed by 
Petermann ‘ with experimental work 
carried out at Gulton Industries, Inc 
for about the last three years. The 
flowmeter is simple in concept and 
hardware, and has the potential re 


liability for industrial use 


OPERATING PRINCIPLE 
This ultrasonic 


flowmeter operates 


n the principle of beam deflection, 


using an amplitude sensing system. An 
ultrasonic pulse of 1 Mc/sec carrier 
frequency 1S transmitted at normal in 


cidence through the wall of a pipe 
containing the flowing liquid (Figure 
|). The pulse travels through the liquid 
and is reflected back and forth by the 


inside walls of the pipe. After each 


iperior number refer to similarly 
numbered references at the end of this 
article 


deflection, the echo amplitude de 
creases due to absorption and refrac 
tion, and the pulse train decays, dis 
appearing after about 10 reflections 
A fraction of the energy of each pulse 
travels through the pipe wall and is 
sensed by two receiver transducers 
positioned on the outside of the pips 
Opposite the transmitter transducer 
The transmitter pulse timing is such 
that a new pulse is not sent out until 
the echo train of the previous pulse 
has died out. Thus the voltage on 
each receiver transducer consists of a 
train of pulses each followed by a num 
ber of echoes (Figure 1). One of thes 
choes is selected, amplified and recti 
tied and results in a d-c output fron 


each channel 


An ultrasonic field consists of me 
chanical vibrations of a medium, in 
his case the liquid in the pipe. Thus 
1 movement or flow of this liquid 
will cause a deflection of the sound 
beam with respect to the receiving 
transducers, as seen in Figure 2. The 
beam will deflect in a direction that 
is a resultant of the sound velocity 
vector and the liquid velocity vector 
If the receiver transducers are properly 
positioned, the portion of the beam 


hitting them will change and, as a 








consequence, the output signal ampli- 
tude from each transducer will change. 
Under flow, the output voltage from 
the left (upstream) transducer will de- 
crease, and that from the right (down- 
stream) transducer will increase. In 
forming the ratio of these two output 
voltages, a rising voltage with rising 
linear relation is ob- 


tlow rate with 


tained, as will be explained below. 


Sensitivity 


The sensitivity (output voltage vs 
tlow rate) is a function of the position 
of the receiver transducers in relation 
to the transmitter. In a plot of output 
voltage against receiver transducer po- 
sition (Figure 3) we see the cross sec- 
tion of the ultrasonic beam as it ap 
pears on the outside of the pipe on the 
receiver side. For this measurement on 
an 8 in. pipe the transmitter is posi- 
tioned on the pipe wall at the point 
marked zero. The receiver transducer 
is placed in several different positions 
on the opposite side of the pipe. The 
first position is directly opposite to 
the transmitter. This gives the high 
est pickup voltage. The further to the 
left and to the right from this zero 
position the receiver is moved in di 
rection parallel to the pipe axis, the 
lower is the voltage. The curve has its 
point of inflection when the receiver 
from either side 


is positioned 1% in 


of the transmitter transducer. Here we 


obtain the highest voltage change un 


der flow, so it is at these two points 


that the two receiver transducers are 


positioned in the working flowmeter 
The amount of beam deflection can 


be seen from Figure 4 


If a is the angle of beam deflection 


under flow 


is the distance of beam deflec 


tion on the receiver side 


is the inside diameter of the 


tlowmeter pipe 


is the average tlow velocity 


is the velocity of sound in the 


liquid 


then we have the relation 


(1 B) 


For a flowrate of 2000 gpm of water 


through a pipe with 8 inches inside 


Figure 3. Output 
voltage versus 
the position of 
receiver 
transducer. 


RELATIVE PICK UP VOLTAGE 


DISTANCE IN INCHES 


tlameter, which is a flow velocity of 
Vi 
deflection angle 


12.8 ft/sec, we obtain for the 


a = 0.10 angular minutes, and for the 


distance of deflection 


0.021 inches. 


The amplified and rectified output 


voltages of the two receiver trans 


ducers are given by these equations 
For zero flow (V;¢ O) both voltages 


En; and Ep» are constant 


Eri F.0, K.. (2-A) 


for the upstream transducer 


Ere Ey dO» K,, 


transducer 


-B 


for the downstream 


Under flow Vy O, both voltages 


- - 4 . 4 


0 + 


N THE DIRECTION OF PIPE AXIS 


En: Er s(k 


for ¢ 


Er d2( K + 


downstream transducer 


Where Ey, is the 


ducer voltage, 0, and 


tive to temperature 
utrenuation of the 
iquid, the 
transducers and the 


are constants 


ae BES Base Oe Gees | 
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FIG. 4 


e€ upstream transducer 


transmitter 
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sensitivity of 


ty 
diy! 
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K iz) 
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trans 
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include: the 
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Figure 4. Amount of beam deflection (L) due to flow. 


October 1960, Vol. 7, No 


10 





TRANSMITTER RECEIVER 


TRANSDUCER 


/ 
Zs 7 L AMPLIFIER 


TRANSMITTER } 


AMPLIFIER 


CONTROL 
MULTIVIBRATOR 


TRANSDUCERS 


10] ad on ce) LOGARITHMIC 


DIVIDER 


DETEGTOR CIRCUIT 


RECORDER: 


prOTALIZER INTEGRATOR 


Figure 5. Essential elements of 
the ultrasonic flowmeter circuit. 


Che ratio of the two output voltages 


3-A) and (3-B) is 


K, + Ke Vi 
K d a 


| 


uppressea zero Out 


this provides an output signal of 


K;, d VOLUMI 


FLOW 


Chis result multiplied by the pipe 


cross-sectional area gives the volume 
flow. It still contains sound velocity V, 
which is a function of temperature. In 
water, this velocity change 1s approxi 


nately 0.2 roon 


temperature 


per degree C at 
This change, plus any 
variation of 0;/02 with temperature 
is compensated by a thermistor placed 


on the outside wall of the pipe 


How Mass Flow Rate 
Is Measured 


To cbtain mass flow, the density p 


of the flowing liquid has to be brought 


into the end equation. This is possible 
xy using the acoustic impedance pV, 
yf the liquid. If the clamped capacit 
ince ot the transmitter transducer is 
tuned out by an inductance, the voltage 
Ey, on the transmitter transducer will 
vary with the acoustic impedance ot 
the loading liquid at resonance. There 


fore 


Ey Ki pV (6) 


If we multiply the output voltage for 


the volume flow 
Kad equation 
\ | 


by the transmitter voltage Ey (equa 


tion 6), we obtain 


Ey x I K; d x Ky p V,, 


or | K p Vz MASS FLOW (7 


The result does not contain the sound 
velocity. Since it contains the density 
f the flowing liquid, it indicates mass 


flow 


STANDARD 
FLOWMETER 


ULTRASONIC 
FLOWMETER 


7 LVE 


Fig. 6. How the ultrasonic flowmeter was tested. 
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DESCRIPTION OF CIRCUIT 
Transmitter 


The transmitter consists of a Col 
pitts oscillator followed by two tuned 
amplifier stages (Figure 5). The screen 
voltage of the first amplifier is con- 
trolled by a free-running multivibrator 
with variable pulse-width and repeti 
tion rate. This permits pulsing the 
transmitter on and off with the desired 
pulse conditions. The output of the 
second amplifier stage drives the trans 
peak pulse 


mitter transducer. The 


power delivered to the transmitter 


transducer is a few tenths of a watt 


Receivers 
The receiver transducers are con 
nected to two conventional! tuned am 
plifiers that are carefully matched in 
stability. The outputs of the amplifiers 
ire fed into detector circuits and then 
into a divider circuit. This circuit is a 
diode-type logarithmic divider with a 
voltmeter readout. Because of the small 
voltages ap 


dynamic range of the 


plied to it, this meter readout is 
approximately linear with flow despite 


the use of a logarithmic circuit. A 
recording ammeter 1s operated in par 
allel with the voltmeter. This also can 
be fed into an integrator and totalizer 


to obtain total flow 


PIPE AND TRANSDUCERS 


The acoustic part of this flowmeter 


consists of a pipe section with 


ceramic transducers mounted on its 


outside walls. The transducers used 


lead titanate zirconate piezo 
ceramic, ground to a thick 


approximately 


are of 

electric 

ness to resonate at 
one megacycle per second Their size 
is ¥% x | in. The pipe wall in front 
of the transducers is machined to a 
thickness that is a multiple of a half 
wevelength in the pipe material. A 
half wavelength is about 0.113 in. for 
stainless steel. The receiver transducers 
are positioned to be on either side of 
the beam radiated from the transmit 
Their distance from 


each other is about 2% in. for the de 


ting transducer 


scribed pipe size. The pipe length can 
be made equal to a normal valve 
section length, that is, 1142 in. long 
for an 8-inch ID pipe. The flowrate 
range of this flowmeter with 8 in 


insider diameter is 200 to 3000 gpm. 








TEST MEASUREMENTS 


The tests and measurements dis- 
cussed in this paper were carried out 
on the Gulton flow test stand. As 
shown in Figure 6, the test stand is a 
closed loop system capable of flowing 
0 to 1600 gpm of water through an 
8 in. test pipe. The standard for this 
system is a Hersey-Sparling flowmeter 
model PM. This is a totalizing unit 
calibrated to +0.5% repeatability. 


Accuracy 


Figure 7 shows output readings of 
the 8 in. ultrasonic flowmeter vs. read 
ings of the standard meter at different 
flow rates up to 1500 gpm. Two sets 
of readings were taken 30 minutes 
apart, marked as the circled and the 
crossed points. The curve shows that 
the output is nearly linear. Deviations 
from linearity are about +1%. The 
? 


repeatability is better than 29% full 


scale. 


Trials at the flow test stand of the 
Hersey-Sparling Meter Co. in Dedham, 
Mass., indicate linearity of this system 
up to 3000 gpm flow 


The sensitivity of the system is such 
that at 1500 gpm the voltage ratio of 
the two receiver transducers is in 
creased about 25 over that at zero 


flow. 


Stability 


Figure 8 shows stability of the out 
put readings over a 3-hour time period 
for zero and a flow rate of 1500 gpm 
The temperature during this test 
changed from 73 to 85°F. The devia- 
tions in the readings in these three 
hours were not higher than 50 gpm, 
that is abour +2 Since the de- 
scribed flowmeter with a pipe section 
of 8 in. inside diameter has a maxi 
mum range of 3000 gpm, and the 
deviation in readings were referred to 
1500 gpm, the stability over this 3- 
hour test period can be considered to 
be better than +:2° full scale. Similar 
results were obtained with a_ pipe 
section of 3 in. inside diameter with a 
flow rate of 150 to 1500 gpm of 


ker sene 


Both theory and laboratory tests of 
a beam deflection type of ultrasonic 
flowmeter have been presented. The 
results indicate the capabilities of the 
system in terms of linearity and sta 


bility 


1 i i 
( 1000 


tele) 800 
FLOW RATE GAL. PER MIN 


Figure 7. Linearity and repeatability of new meter 
are shown by two test runs (O O and X X) made 
within 30 minutes (8 in. pipe; March 10, 1960). 
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One more step toward complete automation of the pulp mill 


Treating Waiter Automatically 


by HERBERT T. PETERSON 
Instrument Engineer 
The Weyerhaeuser Corporation 


Longview, Washington 


With automation continually gain- 
ing a firmer grip on the pulp and 
paper industry, all the supporting 
functions, having a major effect on 
the quality and cost of the main 
product, are being scrutinized care- 
fully with an eye to possible improve- 
ment. Here then is one of these facets 
in the industry's modernization pro- 
gram — an automatic water-treat- 
ment and filtering plant. 


MODERN PULP and paper mills 


exhibit an extraordinary thirst for 


high-purity water. Varying with the 


product and the type of mill, che 
water demand for a 400-ton mill may 
be as high as 40-million gallons per 
day! 

The large physical dimensions and 
the source of supply often dictate the 
location of a water treatment plant. 
Usually adjacent to the mill or in an 
isolated area, the plant generally re 
quires manual attendance, with a re 
sultant manual operation of the process. 

Modern production rates and the 
competitive demands for pulp quality 


already have exceeded the capabilities 


of manual pulping and water-treat 
ment operations. Why not relieve the 
operating personnel of the routine 
tasks (that can be performed more pre 
cisely and economically by automatic 
equipment anyway) and thereby fre 
them for the more important job of 
controlling quality? With the proper 
instrumentation and related equip 


j 


ment, this objective can be achieved 


General 


In the conventional sand gravity 


tlow-type water treatment plant (Fig 
ure 1), the raw water is pumped first 
tO a mixing tank and then to a floc 
culating tank From there it moves to 
a settling basin and over a skimming 
weir to a sand-gravel bed through 
which it passes to a clear well 

On the way to the mixing tank, 
chemicals are added to the raw water 
chlorine for sterilization, alum for co 
agulation, and caustic soda for pH 
control. As the water passes through 
the filter, the contained solids, agglom 
erated by the chemical addition, are 
deposited on the sand bed. When this 
accumulation reaches a given point, 
the filter is removed from. service, 
drained, backwashed, and then restored 


tO service 


Automated Plant 


The automated plant essentially will 


perform four functions 
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st chemical feed according to 


ad jt 


water tlow rate 
control pH at a set value 


) accomplish the backwash Operation 


] 


!. maintain clear-well level according 


to finished water demand 


The plant, according to 


present 
plans, will not be able to predict ot 
compensate for changes in the incom 
ing raw -water composition 

In placing the water treatment plant 
in automatic Operation, considerations 
of economy, reliability, simplicity, and 
past experience dictated the following 


1. all 


pne umatic 


major control functions are 


liquid alum 


2. all flows, excluding 
and liquid caustic soda, are measured 


with differential pressure cells 


5. all water valves, excluding sluice 


gates, are cylinder-operated, rubber 


lined, spool-type butterfly valves 


i. all instruments are duplicates of 
those used in the mill process appli 


cations 


This 26-million gallon per day au 
tomated plant will supplement four 
other plants, already having a capacity 
of 80-million gallons per day. Com 
mon among all the plants will be (a) 
raw water supply, (b) 60-psi gaseous 
chlorine, (c) 40-psi liquid caustic soda 


and (d) liquid alum 


Instrumentation 


Raw Water and Chlorine. The flow of 
raw water is measured by a venturi in 
the supply line to each of the five 
water treatment plants (Figure 2) 
The pneumatic signal from = each 
flow transmitter is linearized and then 


fed to a totalizing relay. The relay’s 


Figure 1. Schematic diagram of a 
sand gravity-flow filter 
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Figure 
chlorination, “F” indicates a flow 
uring device having a linear output sig- 
nal. Figure 3, (Above). Chemical injection 
system introduces caustic soda and chlo- 
into the 


rine 











| eene: & 
Tory 


t 


2, (Left). Ratio control system for 
meas- 


main raw-water stream. 








output signal, representing the total 


ized flow, is transmitted to a ratio 
controller which contains, in addition 
to the water-flow receiving element, a 
receiving element for the chlorine flow 
transmitter 

measured by 


The chlorine flow ts 


an orifice and a differential-pressure 
cell, the linear output signal of which 
is transmitted to the ratio controller. 


Equipped with an external manual 


adjustment of chlorine/water ratio to 
meet changing water conditions, this 
multiple controller maintains the prop 
er relation between chlorine and water 


for the entire system 


To maintain the 


Meter 


relation that must exist between water 


Alum precise 
flow rate and alum dosage, it is neces 
sary to measure and control these rates 
of input to the individual plants. By 
passing the totalizing relay, each plant 
own 


water-flow signal is fed to its 


water/alum ratio controller. To attain 
precise measurement, record alum us 
age, and avoid the pulsating flow com 
mon to conventional liquid-alum feed 
ers, the water-rate meter is combined 


with a magnetic flow meter, which 
iS equipped with pneumatic ratio con 
trol and an external ratio adjustment 

A flow cell measures pH in a sam 
ple, taken from the main raw-water 
line, and sends an electrical signal to 
a recorder, equipped with a pneumatic 
control function. 

The liquid caustic-soda rate is re 
corded and controlled by a magnetic 
tlow meter, the set point of which is 
pneumatically controlled by the out 
put of the pH controller. This cascade 
type control adjusts the reagent flow 
rate according to the demand of the 


pH controller 


Chemical Injection System. As shown 


in Figure 3, the chlorine and caustic 


soda are injected into the main raw 


water supply line. Under 


Lascous chlorine 1s 


in the discharge line of a centrifugal 


intake of which is down 


stream from its point of discharge 


pump, the 
For corrosion resistance, the dis 
tubes 


| 


caustic soda 


charge line and the injection 


are made of plastic. The 


tO insure mixing, is admitted the 


suction side of the pump. By using a 


steel intake line and allowing the heat 


} 


of chemical reaction to be dissipated in 


the pump, damage to the plastic dis 


charge line is prevented 


Settling-Basin Level. Because surges in 


basin level can detrimentally affect 


filter efficiency by breaking the floc 
ind disturbing the settling rate, it is 
extremely important to maintain con 


stant level there 


Despite the basin’s large capacity 


ts proportional lag, and the rapid rate 


change that will occur during the 


backwash period, an effective level 


control has been achieved simply by 
replacing the conventional liquid-level 


controller with a low-range differen 


tiai-pressure cell and a bubble tube 


Corresponding to the greatest pet 


missible deviation in basin level, the 


full range of the cell is 6 inches. Its 


I] 
transmitted directly 


Signal 1S 
the pilot of the raw-water rate 


control valve [The actual point at 


which the basin level is controlled is 


established by the depth to which the 


bubble tube 


iS submerged 


Filter Rate Control. On leaving the 


settling basin, the water proceeds to 


the filter bed, where, as the water 


passes through, the contained solids 


t 





Figure 4, (Above). Curve shows 
“loss of head” characteristic for 
a filter having precise flow- 
rate control. Figure 5, (Right). 
Same curve as shown in Fig- 
ure 4 except the water or fil- 
ter-bed condition is different. 
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Figure 6. Schematic diagram of a 
system. 


filter flow-rate control 


are deposited on the sand filter. Con 
ventionally, this deposit is measured 


by the “loss of head” method 


This measurement is defined as the 
differential pressure measured (in feet 
of water) between the water level on 
the filter bed and the outlet to the 
clear well. An arbitrary measurement, 
it — by itself — cannot predict the 
precise end of a filter bed’s efficiency 
Figure 4 represents the “loss of head 
curve for a filter using a precise flow 


rate control 


Inspection of the graph shows that, 
because of a sharp drop in flow rate, 
the filter bed had reached its maximum 
life at 20% hours. The “loss of head’ 
curve, however, indicates that at this 


time the head loss was 3 feet. 


In comparison, Figure 5 shows the 
curves from the same filter bed, at the 
same flow rate, but with a different 
water or filter-bed condition. If the 
loss of head” index had been used as 
a criterion, the bed would have been 
rewashed after approximately 11 hours. 
By the flow-rate method, however, the 
filter could operate for another 6 hours 
before rewashing — an added filter 
capacity of %4-million gallons! 


Seeing that it is possible, without 
adversely affecting water quality, to 
operate a filter at maximum capacity 
until it can no longer maintain that 
capacity, the point at which this occurs 
is selected as the economical end of 
filter life 


As an index of filter life, however, 


flow measurement does require a pre 
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cision control, not normally associated 
with the self-regulating type of hy 
draulic control. A marked improve 
ment in the quality of control was 
evident when a pneumatic controller 
replaced the blind hydraulic one. 


For rate control using automatic 
filter-cycle operation (Figure 6), each 
filter is equipped with a venturi tube, 
a pneumatic flow transmitter, and a 
butterfly valve. The setpoint and filter 
rate is adjusted by the clear-well level 
controller according to mill demand. 
Contained in the pneumatic setpoint 
section of the filter rate controller is 
an electric deviation contact for initiat- 
ing the backwash cycle when the flow 
rate has dropped a_ predetermined 


amount below the set point. 


Clear-Well Level. Clear-well level is 
maintained by a bubble tube and a 
differential-pressure cell, the reverse 
output of which is transmitted to the 
setpoint of the filter rate controllers 
When a filter's capacity exceeds the 
desired normal operating rate, the air- 
supply pressure to the clear-well con- 
troller is reduced, providing a maxi- 
mum setpoint limit for normal opera- 


c10n. 


For emergency operation, when it 
is necessary to force the plant to its 
maximum capacity, the clear-well level 
recorder is equipped with a low-level 
alarm contact. In addition to warning 
of abnormal conditions, this contact 
operates a small solenoid valve, which 
bleeds into the setpoint an air supply 
of sufficient pressure to operate all 
filters at the maximum limit 


Figure 7. 
effecting 


Diagram shows system for 
the filter backwash cycle. 


7). When a 


filter rate drops to a value that closes 


Back-W ash Cycle. (Figure 


the deviation contact in the controller, 
a time-delay relay is energized. After 
the delay period, the relay closes, start- 
ing a scanner that selects the filter re 
quiring a rewash, while locking out 
all other filters from the backwash 


ope ration 


The time delay is a_ protection 
against a possible abnormal flow con 
dition that could trigger a false back 


wash demand. 


When the scanner has selected the 
filter, it energizes the cycle timer, 
which performs the backwash opera- 
tion. Adjustable for varying water 


and /or filter-bed conditions, the timer 


programs the following operations for 


a double-wash-type filter 


1. closes inlet gate and allows draw 


down period 
2. closes main outlet to clear well 
3. opens effluent valve 


i. opens backwash valve and _ starts 


backwash pump 


5. closes outlet to one side of filter 
(Normal procedure is to have the 
outlet of the two halves open at the 
start of the backwash, thus permitting 
the escape of entrained air in the bed) 


5. after backwashing the first half, 
the timer switches to the second half; 
then, with some modification, it re- 
verses the cycle and returns the bed to 


service 








Figure 1. The ultrasonic viscom- 
eter probe. (Ultra-Viscoson, Ben- 
dix Aviation Corporation) 


Applying Ultrasonic Viscometers 


to Polymer Processes 


by A. W. WOTRING and 
T. B. McAVEENEY 
(Members of ISA) 
Monsanto Chemical Company 
Plastics Division 
Springfield, Massachusetts 


The ultrasonic viscometer often 
yields useful data on the concen- 
tration in polymer solutions where 
the low-shear-rate viscometers (fall- 
ing plunger, rotating spindle) show 
interfering response. This article re- 
ports on original Monsanto research 
done to learn in which polymer sys- 
tems the ultrasonic viscometer can 
be used, and to develop typical vis- 
cosity curves. 


THE UNUSUAL 
polymers introduce several problems 
polymer 


properties of 


measurement of 
processes: sample handling, build-up 
of the material on measuring probes, 
temperatures and 
Under 


into the 


and the elevated 
pressures encountered these 


conditions, few analytical measure 
ments ordinarily are possible in poly- 
mer processes. 

However, viscosity is one variable 
that often can be measured in poly- 


mer processes, and the mechanical 


simplicity of the ultrasonic viscometer 
probe permits easy application under 
many different situations 

In the viscosity measuring method 
usually used on processes,’ the sample 
slowly is sheared unidirectionally by 
one of a variety of devices, such as a 
rotating spindle or falling plunger 
However, the ultrasonic viscometer 
introduces into the sample a high 
frequency oscillation of small ampli- 
tude. The resulting ultrasonic viscosity 
nieasurement of non-Newtonian ma 
terials cannot be compared directly 
to these unidirectional shear measure- 
ments, even taking into account shear 
rate. Therefore, the application study 
described in this article was under 
taken to determine typical viscosity 
curves and the general kinds of sys- 
tems for which the ultrasonic vis 
cometer gives useful information on 
polymer materials. 


Ultrasonic Viscometer 


The ultrasonic viscometer= used in 
this work has been described previ 
ously*:*. Briefly, it consists of a blade 
of magnetostrictive material which is 
inserted into the sample. An ultra 
sonic electrical pulse excites longi- 
tudinal vibrations in the blade which 
are damped by the sample. The rate 

Superior numbers refer to similarly 


numbered references at the end of this 
article 


of damping is measured and displayed 
by electronic circuits. The resulting 
values have been shown to be kine 
matic viscosity*, and for Newtonian 
material the agreement with other 
viscosity measurements is good. The 
probe (Figure 1) is quite rugged and 
with simple precautions can be oper 
ated in a wide variety of systems. The 
ultrasonic viscometer, including the 
electronic circuit, consistently has giv 


en reproducibility of +2% 


in process 
use. As with all viscosity measure- 
ments, temperature effects are large 


and must be compensated 


APPLICATION TO 
POLYMERS 


1. One-Phase Solutions 


The response of the ultrasonic vis 
cometer to a change of concentration 
of polymer in solution is shown in 


? 


Figure 2. This curve is typical of 


samples which consist largely of a 
high-molecular-weight polymer dis 
solved in monomer or solvent. The 
curve is approximately semilogarith 
mic over the full range of polymer 
concentrations. The calibration must 
be determined experimentally for 
each different solution; but this is 
not surprising, since the rheology of 
polymers is not well understood even 


laboratory 


tions”. The ultrasonic viscometer re 


under controlled condi 
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Figure 2. Response of the 





ultrasonic viscometer to 








change in polymer con- 
centration. 


demonstrated under process 
conditions. This effect would 
not be expected to be re- 
stricted to polystyrene and, 
in fact, also has been dem- 





onstrated on polyethylene 
samples 


Viscosity vs. temperature 








tor l1OO% 
shown in Figure 5 


polystyrene 1s 
Below 








sponds to a complex combination of 
the viscous and rigidity parameters 
One characteristic of the ultrasonic 
viscometer is demonstrated in styrene- 
polystyrene solutions of different mo 
lecular weight (Figure 3). The range 


values at any 


of ultrasonic viscosity 


one polymer concentration iS not 
large, particularly when compared to 
the rotating-spindle values. The ultra- 
sonic viscometer is about one-tenth as 
sensitive to molecular weight changes 
as is the rotating-spindle viscometer. 

Molecular weight effect at higher 
temperatures and concentrations 1s 
shown in Figure 4. The ranges cover 
typical processing values, except that 
in a well behaved process one would 
expect much less molecular weight 
variation than the maximum spread 
used here. The insensitivity of the 
ultrasonic viscometer to molecular 
weight changes 
falling-plunger viscomerer and to agi 


as compared to a 


tator power in stirred vessels has been 


160 C the decrease to low 
viscosities is reproducible but quite 
sensitive to sample handling condi 
tions, and can be due to a shrinkage 
of polymer away from the viscometer 
blade or increasing effect of sample 
rigidity. Anyhow, this region is not 
of process interest since the low shear 
rate viscosities are so high the poly 
mer cannot be handled except as a 
solid. At high polymer concentrations 
and high temperatures, surprisingly 
good Zero 


suppression can be used to display 


accuracies are possible 


a restricted portion of the concentra- 
tion, and temperature compensation 
will be the accuracy-limiting factor 


2. Multiphase Systems 


An_ ultrasonic viscosity measure- 
ment gives very interesting results in 
a suspension of styrene monomer-poly- 
mer in water. It was experimentally 
observed that the curves follow the 
polymer concentration up to a fairly 


high value before decreasing (Figure 


6). As long as the suspended droplets 
are soft, there is a smearing action 
across the blade surface. When the 
droplets become more rigid, they no 
longer come in good contact with the 
blade and the viscosity reading de 
creases nearly to that of water. A 
rotating-spindle measurement of this 
system gives erratic and unusable sig- 
nals. In such cases, the geometry of 
the guard around the blade is very 
important. Protection from the full 
agitated stream is essential, but suffi 
cient flow must be maintained to keep 
a representative sample on the tip 
Guard design also affects gross build 
probe in this system 

Systems. With two 
A and B, immiscible in 


up on the 
Phase-( hange 
components, 
some intermediate ratio, there might 
be a change in properties when pass 
ing through the concentrations where 
A dissolved in B changes to B dis 
solved in A. Particularly in the transi 
tion region, the equilibrium can_ be 
Ultra 


shifted by outside influences 


sonic vibration is effective in some 
situations*®. The flow past the blade 
can be varied to reduce or accent such 
effects as desired 

In a styrene-polystyrene-rubber sys 
tem this was demonstrated as shown 
in Figure A high rate of sample 
tlow past the blade gave insufficient 
contact time tor the ultrasonic etfect 
on the sample; a low flow rate gave 
a pronounced effect in the inversion 
interval. The third curve compares the 
corresponding response for a rotating 


spindle viscometer 


GENERAL APPLICATION 
IN POLYMER SYSTEMS 
The ultrasonic viscometer often 
gives useful information in polymer 


solutions ranging from 





low viscosity materi 














SRAMS 


CENTIPOISE 





al, such as_ surface 


coatings, to high vis 


Figure 3, (Left). 
Comparison between 
rotating-spindle and 
ultrasonic viscosity 
measurements at dif- 
ferent molecular 
weights. (tempera- 
ture 25°C) Figure 4, 
(Right). Effect of 
different molecular 
weights on accuracy 








45 € 


PERCENT POLYMER 


of ultrasonic viscom- 
eter. (temperature 
170°C) 
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Figure 5, (Left). Ef- 
fect of temperature 





on ultrasonic vis- 
cometer readings for 
polystyrene of two 
molecular weights. 


Figure 6, (Right). 
Effect of polymer 
concentration on ul- 
trasonic viscometer 
reading. Suspension 
of styrene monomer- 
polymer in water. 














cosity polystyrene discussed here. It 


differs from typical low-shear-rate 


viscometers in its INSENSITIVITY to 
molecular weight changes, and in its 
response in suspension and_ phase 
changing systems 


polymer concentration will be good 


Correlation with 


when the molecular weight of the 
polymer is moderately reproducible 

Several special difficulties can occur 
with ultrasonic viscosity measurement 
Excessive agitation deflects the blade 
and gives output noise. The guard to 
minimize this must not unduly restrict 
sample flow past the blade; note also 
that gross plugging can occur. Sample 


temperature and the presence of addi 


tional variable components also can 


intre duc e errors 


Some Special Pointers 

In process measurements, one often 
must correlate what one wants to 
measure with what it is possible to 
measure. Polymer processes are diffi 
cult in this respect, since many prop- 
erties can be evaluated only long after 
the process is complete. Ultrasonic 
viscosity seldom is desired directly, 
and even correlation of this with other 
methods of viscosity measurement 
must be treated carefully. When con- 
sidering use of viscosity for process 
control in a polymer system, the vari- 
able to be controlled should be ex- 
plicitly determined. This could be 
heat transfer coefficient, flow proper- 
ties of solution, conversion of mono- 
mer to polymer, or some _ product 
specification. The type of viscosity 
measurement which has the desired 
correlation with the variable to be 
controlled should be chosen 


For example, if viscosity measure- 


ment is to be used to control low 
velocity flow properties, a low-shear 
rate unidirectional viscometer would 
be desired. However if the polymer 
concentration is the desired variable, 
the ultrasonic viscometer would be 
preferred. In other cases, the applica 
bility of a measurement 


should be determined by establishing 


V ISCOSITY 


the needed correlation. 
Two other limitations of ultrasonic 
viscometers are build-up on the probe 
and deposition of insoluble films on 
the blade. Build-up is most trouble 
some in systems polymerized to com 
pletion in the presence of the probe 
Guard design can minimize this, but 
in difficult cases special solvent treat 
ment or even removal of the probe 
for external cleaning might be re 
quired. The insoluble film deposition 
can be troublesome in processes using 
inorganic additives, which could build 
up gradually on the blade over a long 
interval and give zero point errors 
Laboratory sample handling to ob 
tain preliminary response Curves often 
requires more ingenuity than the final 
process installation. Working with 
viscous samples at high temperature 
and/or high pressure is dif 


process analysis—rugged, easy to in 


stall in many processes, and of good ac 
curacy. Calibration is required for each 
new application and correlation with 
the desired variable is essential. Suc 
cess or failure in an agitated system 


often depends on blade guard design 
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ficult and the material also 
might be changed by the 
conditions imposed 

In summary: The ultra 
sonic viscometer 1S a USE 


ful instrument for polymer 


Figure 7. Comparison of 
rotating-spindle to ultra- 
sonic viscometers through 
a phase inversion in a sty- 
rene - polystyrene- r ubber 
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MAINTENANCE LOG NO. 63 


A Maintenance Record System 


That Lowers Service Costs 


by ERNEST A. HECKLER 


Instrument & Electrical Supervisor 
The Chemstrand Corporation 


Decatur, Alabama 


In order to cut the costs of your 
instrument maintenance, you re going 
to need much more detailed cost 
accounting than most existing serv- 
ice-record systems now provide. Here 
explained, with all paperwork forms 
fully illustrated, is a complete main- 
tenance accounting system, using 


punch cards, that actually has saved 
money throughout 18 months’ use in 
a major chemico/textile plant. 


A REFINERY 
neer was approached one morning 


by a production supervisor, who said 


instrument engi 


I discussed our catalyst level control 
problem yesterday with the area cost 


accountant.’ 


The engineer, obviously perturbed, 
asked 


he give you?’ 


“And what stupid advice did 





WORK SHEET 


PLANT ENGINEERING WORK ORDER 


DECATUR PLANT 





WORK ORDER NO 

















ISA ‘ournal 


He told me to come to you,” was 
the supervisor's reply! 

This humorous bit contains a seri 
ous truth: adequate accounting, by 
tabulation of maintenance cost data, 
can give great help to the instrument 
engineer in his constant struggle to 
hold in line the ever-rising service 
costs of modern instrumentation 

At our acrylic fiber plant, as in all 
industrial plants, our aim is to reduce 
instrument maintenance costs to the 
lowest level consistent with good plant 
operation. Thus we are constantly 
concerned with the estimating, record 
ing, analysis and control of these serv 
ice costs. We believe these costs can 
be lowered in either of two ways 
|. by decreasing the cost of mainte 
nance work now being done; 

2. by. reducing the amount of service 
work required. 

[hat there are many angles to cost 
reduction by either above method is 
set forth in the box (opposite page) 


How to Design a Cost-Cutting 
Record System 

We knew that to reduce our main 
tenance costs by the methods listed 
in this box we would need detailed 
cost information on maintenance in 
all plant areas. And the maintenance 
accounting system we then were us 
ing did not provide the data for the 
cost-cutting studies we were planning 

So we determined exactly what our 
new maintenance accounting system 
would have to be 
1. Economical in operation. A min 
imum of mechanical, clerical, and su 
Figure 1. Sample of Class 4 work 
order — alteration work. Note the 


different prefixes used in “Work 
Order Space,” upper right. 








MAINTENANCE COST REDUCTION 
METHODS 








1. Reduce the cost of maintenance 
work now being done: 
a. by planning and scheduling to 
reduce mechanic ‘‘lost’’ time; 
b. through better procedures which 
promote greater mechanic effi- 
ciency; 
c. with accounting systems that pro- 
vide enough service cost data 
for analysis. 


2. Reduce the amount of service work 
required 

a. through revised operating proce 
dures that reduce wear and dam- 
age to equipment; 

b. by eliminating unnecessary main 
tenance; 

c. with a preventive maintenance 
program; 

d. through better methods and 
training to reduce poor work- 
manship that requires call-backs 
by redesigning process and/or 
plant to reduce maintenance fre- 
quency or expedite repair; 

ft. above all, through accounting 
systems designed to provide suf- 
ficient factual data for realistic 
cost analysis. 











pervisory time should be required for 


system operation 
2. Provide accurate information 
3. Tabulate separately labor and ma 
terial costs for srwe maintenance, ex 
pense maintenance and maintenance 
overhead 
1. Provide tabulated cost figures by 

a. type of maintenance work, 

b. minor order number, 

c. equipment piece number. 
5. Be as flexible as possible to permit 
changes for future requirements 
6. Be compatible with other plant ac 
counting methods then in use or con 
templated 

Require a minimum of new equip 
ment and facilities for operation 

A maintenance accounting system 
meeting these requirements was de- 
vised and is now in operation. Here 
is how it works. 


Blanket Work Orders 


First, blanket work orders are is 
sued to cover the maintenance ex 
penses in each cost center. These blan- 
ket work orders include all expenses 
for a distinct class of maintenance 
work in a cost center during a defi- 
nite time period. The money alloca- 
tions appearing in the maintenance 
budget determine the amount author- 
ized in each work order. In our sys- 
tem, four different prefix numbers 
denote the class of maintenance work 
Class 4, alteration work; Class 5, ex- 
perimental work; Class 6, repair and 
maintenance work; Class 7, other work 
not classified under 4, 5, or 6. 

A blanket work order can be writ 
ten to cover a class of maintenance 





PLANT ENGINEERING WORK ORDER 


DECATUR PLANT 


WORK ORDER NO 


DEPARTMENT 


REQUESTED BY 


JO8 TITLE 


DESCRIPTION OF WORK 


APPROVALS 


PLANT ENGINEERING 


DIRECTOR ACRILAN ” 
MANUFACTURING ~ 





Figure 2, (Above). Sample of Class 6 work order — repair or main- 
tenance work. Figure 3, (Below). Sample of Class 7 work or- 
der — miscellaneous work, in this case work for mechanic training. 








PLANT ENGINEERING WORK ORDER 


DECATUR PLANT 


WORK ORDER NO 
DEPARTMENT 
REQUESTED BY 


DESCRIPTION OF WORK 








ESTIMATED COST 


EQUIPMENT & MATERIAL 


asor 


APPROVALS 
PLANT ENGINEERING 


DIRECTOR ACRILAN 
MANUFACTURING 
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Figure 4, (Left). Sample page 
from Blanket Work Order Book. 
Figure 5. Minor order form. 


piece of equipment, for Work Order Book Classes 4, 5 and 7 maintenance work 
and part of Class 6 work are done on 


1 


costs for one 


example, a distillation column or a 
After blanket work orders are is minor order forms (Figure 5). All 


spinning machine. The type of work 
all blanket maintenance expense labor and ma 


cede (to be shown later) will permit sued, a book containing 
instrument mainte work order numbers is prepared and 
issued throughout the plant (Figure cards (Figures 6 and 7) 


the tabulation of terial transactions are entered on IBM 


nance costs for the particular piece of 
equipment. A blanket work order als +). These 
written to cover a Class of mechanics and maintenance foremen Maintenance Labor and 
particular in when assigning work order numbers Material Transactions 


books are used mostly by 


can be 
maintenance costs for 
to labor and material charges. Plant 


strument or group of instruments, dé 
the book to obtain 


We are now ready to see the system 


pending on the particular cost break engineers also use 


down required. (See Figures 1, 2 and work order numbers for material 
system works for a maintenance labor 


requisitions 


operation. Figure 8 shows how this 


2 


transaction; Figure 9 illustrates op 


erations for a maintenance material 
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I I taba t t te} Our machine accounting section 
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MAINTENANCE 


presents a cost breakdown of all main 
tenance expense work orders. Expen 
ditures for labor and material during 
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expenditures are tabulated, thus com 





paring the year-to-date expenditures 
with the amounts authorized in the 
MAINTENANCE CODES Tal 

Sane work orders. Tabulations included 





PREVENTIVE MAINTE NANC 3 IRS ) 
‘ EMERGENCY REPAIRS NORMAL MAINTENANCE also compare property investment 
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INSTRUMENT ADJUSTMENTS ntedecad Another monthly report prepared 
ELECTRICAL CHECK, INSPECTION, CLEAN 2 5 ° ; . ° 
ELECTRICAL AQauSTMENTS enon primarily for Plant Engineering pre 
SCHEDL 0 4 tT AL VERHAUL CARPENTRY 4 ‘ ' 
REL AMPING sents total expenses tor each blanket 
BATTERY HARGING 
ELECTRICAL 
INSTRUMENTATION 
MACHINERY MAINTENANCE 
RIGGING 
PLUMBING 
HAULING 
OTHER 
iced Figure 6. Sample maintenance 
C woRK . 
labor punched card. (Front, 
above; Back, below) 
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we:k order by type of work code — 


information extremely valuable to 


plant instrument maintenance and en- 


gineering personnel. Conditions such 
as high breakdown frequency or cost, 
and excessive or insufficient preven- 
tive maintenance, can be pinpointed 
for any particular group of instru- 
ments 

Maintenance costs also are routine- 
ly tabulated by minor order number 
for operating areas which request this 
information 

Our 
system has operated well during’ the 


We feel that the in- 


new maintenance accounting 


past 18 months 
formation supplied by the system has 
helped us greatly in reducing our in- 
Our fu- 


ture plans for the system include au- 


Strument maintenance Costs 


tomatic stores inventory control and 


automatic scheduling of preventive 


maintenance work 


Although references have been 


made only tO instrument maintenance 
system as de- 


work, the accounting 


scribed can be applied to all types 


of plant maintenance 
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MAINTENAN 
PREVENTIVE MAINTENANCE 
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Figure 7. Sample Stores requisition punched card 





Figure 8, (Below). Sequence op- 
erations for a Maintenance Labor 
Transaction. Figure 9, (Right). 
Sequence of operations for a 
Maintenance Material Transac- 
tion. 





Mechanic completes maintenance labor 
card after completing maintenance work 
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Maintenance clerk checks maintenance 
labor cards daily and transmits them to 
the Machine Accounting Section 








y 








Machine Accounting 


prepares a _ material tion daily 





material requisition 


cards to the Machine Accounting Sec 





the invoice 





requisition card from 








Machine Accounting punches informa- 
tion on material requisition card using 
IBM Key Punch Machine No. 026 
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Machine Accounting verifies punch in- 
formation on cards using IBM Key Punch 
Machine No. 056 
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Machine Accounting when preparing 
maintenance reports will (1) sort cards 
in the desired order using IBM Sorting 
Machine No. 083, (2) prepare report 
using IBM Accounting Machine No. 407 
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IBM Key Punch Machine No. 026 
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Figure 1. How the adaptive program 
controller works: As temperature is 
changed by program controller, two 
specially-formed plastic cams 
mounted on shaft of Bristol elec- 
tronic potentiometer reposition two 
motion transducers (white arrow) 
(resistors A and D, Figure 4) to 
adjust controller gain and reset rate 
for accurate, stable regulation 
through full range of temperature. 


An Adaptive Program Controller 
for Nonlinear Batch Processes 


by JAKE E. VALSTAR 


Head, Control Systems Section 
Semiconductor Div., Hughes Aircraft Co. 
Newport Beach, California 


PROGRAM CONTROL of a batch 
process presents no serious difficulties 
provided that the process is linear 
throughout the range over which the 
program controller changes the con- 


trolled variable.* Here “linear” means 
that the parameters of the integro- 
differential equation of the process 
do not change as a function of the 
controlled variable. However, linear 
processes seldom are found in practice, 
except where the process is composed 
of a few, simple, linear components. 


* The “controlled variable” is that quan- 
tity or condition (of the process) which 
is measured and_ controlled (ASME 
Standard 105, No. 303.) 

















Figure 2. In this 
method of adap- 
tive program 

















control, con- 
troller mode 
settings are 
readjusted by 











the programer 
itself. 
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As long as these nonlinearities are 
relatively small, a single noncritical 
set of adjustments to the controller 
modes (gain, reset and rate) will pro- 
duce reasonable regulation over the 
whole range of the controlled vari- 
able. But, when nonlinearity is rela- 
tively large, a single controller setting 
can give very sloppy control over a 
large part of the range. Any attempt 
to improve this by a more critical 
adjustment of the controller modes 
results in unstable control over other 
parts of the range. 

When the nonlinearity is well de 
fined and predictable, as is often the 
case in servomechanisms, the con- 
troller gain can be varied as a well 
defined function of some other proc- 
ess variable, such as the controlled 
variable. In control of industrial proc- 
esses, however, the nonlinearity gen- 
erally is unpredictable, due to the 
intricacy of the process. 


The Process Problem 


Serious difficulties of this kind 
were met in controlling critical batch 








processes in our semiconductor fabri- 
cation. We solved the problem by 
monitoring the controller settings 
from the outside as functions of the 
controlled variable, the right func- 
tions being determined experimental- 
ly. As a result, we obtain excellent 
regulation as the program controller 
changes the controlled variable 
throughout its used range. 

Our process is a device heated by 
a filament-type radiant heater. Because 
the heater is much hotter than its 
surroundings, its Stefan-Boltzman re- 


lation is 
P k,T* (1) 


where P radiated power, T fila- 
ment absolute temperature, and &;, 
proportionality constant 
The heater time-constant is formed 
by the filament heat capacity and 
its radiant resistance (R). Radiant re- 
sistance is the ratio between a change 
in driving force (temperature) and 
a change in flowing quantity (power) 
aT 
z= aP (2) 
Combining and solving equations (1) 
and (2) 


3 
4k, (3) 
The heat capacity of a body (its spe- 
cific heat times its weight) can be 
assumed constant. Thus 


R(T) 


(7) = £17" (4) 


where Tt radiant heater time-con- 
stant. Likewise it can be shown that 
the heat capacity of the body being 
heated can be assumed constant. In- 
deed, our practical measurements con- 


firmed that this process contains two 
time-constants which are inversely 
proportional to the third power of 
absolute temperature. 

The two time-constants differ by 
about 8 to 1. The larger varies be- 
tween 10 and 0.1 minutes as the 
controlled temperature is changed 
through its used range; the smaller 
time constant varies between 1.5 and 
0.015 minutes. Our numerical com- 
putations showed the heater time- 
constant was the smaller of the two 


These, then, are the very consider- 
able nonlinearities which occur in our 
batch processes as the program con- 
troller swings temperature up and 


down 


Programed Adaptive Control 


Monitoring the settings of the con 
troller can be done from the pro- 
gramer (Figure 2). This method is 
best, but might be difficult because 
many available programers are not 
suited to redesign modification 


A second method uses an electronic 
potentiometer recorder to measure the 
controlled variable. Such a recorder 
has plenty of power to drive a cam 
which monitors the controller settings 
(Figure 3). Construction of such a 
mechanism is simple. However, this 
method can be used only when the 
changes in controller settings required 
by the process are not too violent. 


Monitoring of controller settings 
is the most practical with electronic 
controllers, because remote setting of 
the control modes is possible. We con- 
fined ourselves to the automatic set- 
ting of the controller gain (propor- 
tional band) and reset rate. 





WHAT IS ADAPTIVE CONTROL? 


With the current spirited dif- 
ference of opinion as to what 
“adaptive control” means, it is im- 
portant clearly to define terms 
Author Valstar makes a distinction 
“adaptive” and “self 
adaptive.” Thinks he: adaptive con 
trol works from information stored 


between 


in it by its designer (i.e. open loop; 
for example, an aircraft cruise con 
trol computer. Self-adaptive control 
has a computer which analyzes the 
characteristics of the process out 
puts and modifies its regulation to 
accomplish some optimum condi 


tion (i.e. closed loop) 











In principle, an electronic controller 


is a d-c amplifier with negative feed- 
back. The controller gain is varied 
by ome attenuator at the amplifier 
input and by one in its feedback 
(adjustments A and B respectively, 
Figure 4). 

The reset mode (integration) is 
accomplished by a differentiator cir- 
cuit in the feedback. Reset rate is 
adjusted by time-constant adjustment 
(C), or by adjusting the fraction of 
the error which is integrated (adjust- 
ment D). Remote adjustment of B 
under operation is not possible be- 
cause this will upset smooth control; 
and adjustment of C is impractical 
because of the high resistance in- 
volved. However, remote adjustment 
of A and D is possible because 1) the 
resistances involved are of moderate 
value (1 and 10 K), and 2) adjust- 
ments under operation do not upset 
the controller since the error signal 


is almost zero 





(resistor D). 


* 


==) a 


Figure 3, (Right), A second adaptive control method 
(used by the author). Controller mode settings are 
readjusted from the value of the controlled variable 
by a modified electronic potentiometer. 

Figure 4, (Below), Cam-positioned resistors readjust 
program controller gain (resistor A) and reset rate 
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SOCIETY NEWS 








NSF Grant to Cover 
1960 Russian 
Translations 


The National Science Foundation 
grant to ISA for the translation of 
Russian technical journals has been 
continued for the coming year. The 
new series will cover the 1960 pub- 
lication of four Russian journals: 


Automation and Remote Control 
(Avtomatika : Telemekhanika), con- 
sidered to be the leading Soviet 
journal in the automatic control 
field. Published monthly by the 
Institute of Automation and Remote 
Control of the Academy of Science, 
USSR, it carries approximately 150 
pages per issue of 
phases of automatic control theories 


and techniques 


articles on all 


Measurement Techniques (Izmeri 
tel’naia Tekhnika). Approximately 
100. pages per issue, published 
monthly by the Committee of 
Standards, Measures and Measuring 
Instrument of the Council of Minis- 
ter USSR. Of particular interest 
to those engaged in the study and 


application of fundamental mea 
urement 


Instruments and Experimental 
Techniques (Pribory i Tekhnika 
Eksperimenta). Published bi-month- 
ly, more than 175 pages per issue, 
by the Academy of Sciences, USSR, 
each issue contains articles relating 
to the function, construction, appli- 
cation and operation of instruments 
in various fields of instrumentation 


Industrial Laboratory (Zavods- 
kaya Laboratoriya). Published 
monthly by the Ministry of Light 
Metals, USSR, it contains approxi- 
mately 125 pages per issue. Articles 
appearing are on instrumentation 
for analytical chemistry, and phys- 
ical and mechanical methods of 
material research and testing. 

The 1960 translations, as well as 
translations of previous years pub- 
lished under ISA’s program, aré¢ 
available at low subscription rates 
ranging from $20 to $35 per annual 
ubscription. Special rates are avail 


ombined orders for all foun 


Libraries of non-profit 
institutions are also of- 
fered subscriptions at 


able on 
journal! 
academic 
special rate 

For subscriptions or information, 
write to Foreign Translations De 
partment, Instrument Society of 
America, 313 Sixth Avenue, Pitts- 
burgh 22, Pa 
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ISA Measurement Standards 


Division Formed 


A new division, Measurement 
Standards, has been formed in the 
Technical Department. Orval L. 
Linebrink, Battelle Memorial Insti- 
tute, has been named director. 

The division had its beginnings 
in the workshop on standards and 
precision measurements held at the 
ISA Chicago Conference just a little 
more than a year ago. More than 20 
enthusiastic supporters, headed by 
Mr. Linebrink, used this workshop 
as the basis for organizing five 
measurement standards task forces, 
operating as the Standards Section 
of the Physical and Mechanical 
Measurement Division. These five 
task forces are the nucleus of the 
new-division 

The program and committee struc 
ture of the Measurement Standards 
Division is expected to follow close- 
ly that of the task forces 

The task forces concentrated on: 

1. Study and development of en- 
vironmental standards 

2. Development of uniform prac- 
tices of traceability of calibrations 
to the National Bureau of Standards 


3. Outline suggestions for a man- 
ual on recommended methods and 
techniques to be used in precision 
measurements 

4. Study of areas where research 
and development of equipment and 
training of personnel is needed 

5. Outline policies regarding the 
part ISA should take in the tech 
nology of standards 

In implementing and_ defining 
these programs, the division will 
provide a basic and needed coordi 
nation and communication between 
the National 3ureau of Standards 
and industry, and will serve to fill 
the gap between NBS and _ the 
worker-user laboratory. The over 
all goal of the new division will be 
to disseminate information on the 
ways and means of applying use 
fully the various levels of measure 
ment standards 

ISA members and others who are 
interested in contributing to this 
work are invited to contact Mr 
Linebrink at Battelle Memorial In- 
stitute, 505 King Avenue, Columbus, 
Ohio 


The ’61 ISA Conferences 


ISA plans two seasonal confer- 
ences in 1961 in addition to the big 
annual conference and exhibit in 
September 

Plans for the St. Louis show are 
already underway, with sessions set 
to draw on the industry interests 
in that part of the country. 

The Summer Conference and Ex- 
hibit will be held in Toronto, Can- 
ada, June 5 through 8. Toronto 
Conference officials recently named 
by the executive board include Joe 
Rogerz’as general chairman, J. Pef- 
hany as executive chairman and 
James S. Bennett, conference pro- 
gram coordinator. 

ISA moves to the West Coast 
for the 16th Annual Instrument- 


Automation Conference and Exhibit 
and Annual Members Meeting. J 
Groenewegen will be executive 
chairman and Robert Wehrli chai 
man for the Conference, set for 
Los Angeles, September 11 through 
15. John E. Witherspoon has been 
named Conference program coordi 
nator. 

A list of all currently scheduled 
ISA sponsored and _ cooperating 
symposia is on page 78 of this issue 
This also includes information of 
the big seasonal conferences 

Papers are being solicited for the 
1961 technical programs. Complete 
information on where and how to 
submit abstracts is in this month’s 
“Coming Events,” page 30 








St. Louis Skyline 


instrumentation 
at the 


Crossroads 


ISA will take a look at the 
new era that is shaping up for in- 
strumentation at the big ISA Con- 
ference and Exhibit set for St. Louis, 
Missouri, January 16-19. Technical 
workshops, and the key- 
note session will take the long view 
of what lies ahead to carry 
Conference 
at the Cros 


inree 


mentation 


long 


sessions, 


out the 
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roads.” 

instru 


discuss the 


nationally known 
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ate future of 


session, Covel 
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equipment, and the need for and 
application of instrumental 
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new 


Chemical and Petroleum Instru- 
mentation sessions will be developed 
by Louis Gess, Minneapolis-Honey- 
well, Wayne & Windrim, Philadel- 


phia 44, Pa 

The Transportation (Pipeline) 
session will be developed by Max T 
Nigh, IBM, 618 S. Michigan Ave., 
Chicago 5, Il 


General office and research center 


Host Committee. 
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The Exhibit will be 
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there, as will all ISA Board and 
Committee meetings 
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The world’s single largest brewing plant, the Anheuser-Busch 
Brewery, will be the second of two plant tours. In the base of 


the clock tower (right) is the famous Anheuser-Busch emblem 
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New ISA Pins for Senior 


and Fellow Members 


To distinguish between grades of 
membership, the ISA _ Executive 
Board recently approved new color 
combinations for standard member- 





Instrument Society of America 
313 Sixth Avenue 
Pittsburgh 22, Pennsylvania 


Gentlemen: Please send me the 


fol- 


FIER Proceedings 
Offered at 
Reduced Rates 


Proceedings of FIER Clinics are 
being offered to members of ISA 
at a special reduced price of $3.00 
per copy. They include: 


ship pins. 


The present pin with white center 
used for 
Members, Associate Members and 


and gold border will 


Student Members. 


For Senior Members, the border 
will be enameled red, and for Fel- 
be enameled 


lows the border will 
blue. 


In addition to the lapel pins, a 
tie tack in the same combination of 
colors is also available. 


tacks are substitutes 


Society emblem. 


Those members interested in pur- 
chasing any of this jewelry may 
order form 
and mail to ISA headquarters. 


fill out the following 


The tie 
the tie 
clasps which will still be available 


with the original white and gold 


lowing jewelry: 


Lapel pin— 
Member—Gold Border @ $2.00 


Senior Member—Red Border 

2» $2.00 
Fellow Member—Blue Border 

2? $2.00 - 


Tie Tack— 
Member—Gold Border @ $3.00 


Senior Member—Red Border 
$3.00 
Fellow Member—Blue Border 


$3.00 


Tie Clasp— 
Member—Gold Border @ $3.00 


Enclosed is my check for $ 
Name (print) 
Street 


City & State 





Proceedings of the Pilot Clinic 
on New Instrumentation for In- 
Stream Food Analysis (Rutgers Uni- 
versity, Nov. 16, 1957) 70 pp., illus 
trated. 

Proceedings of the Exploratory 
Clinic on New Instrumentation Re- 
quirements for Metalcutting (Uni 
versity of Michigan, June 26-27, 
1958) 116 pp., illustrated. 

Proceedings of the Seminar in 
Systems (Michigan State, Summer, 
1958) 170 pp., illustrated. 

Proceedings of the Pilot Clinic 
on the Instrumentation Require- 
ments for Human Comfort and Sur- 
vival in Space Flight (Ohio State, 
October, 1959) 166 pp., illustrated 

Send your order, plus check, to 
FIER, 335 East 45th Street, New 
York 17, New York. 











views” 


Date 
January 16-19, 1961 


March 27-31, 1961 


April 17-19, 1961 


May 1-4, 1961 


May 8-10, 1961 


May 10-12, 1961 


May 22-24, 1961 
June 5-8, 1961 

June 13-16, 1961 
June 28-30, 1961 


September 11-15, 1961 





ISA CONFERENCES and SYMPOSIA THROUGH 1961 


The following list of ISA-sponsored or co-sponsored national conferences and symposia is not complete 
Watch “Coming Events” in the ISAJ for up-to-date listings on conferences and symposia, and “Meeting Pre- 
for papers solicitation notices, technical session information and other advance program information 
on ISA events. Generally the due date for submitting qualifying abstracts is four months prior to each meeting 


Conference 


ISA Instrument-Automation Winter Conference 
and Exhibit—St. Louis 


3rd Symposium on Temperature — Its Measure- 
ment and Control in Science and Industry — 
Columbus, Ohio 


7th National ISA Symposium on Instrumental 
Methods of Analysis—Houston 


7th National Aero-Space Instrumentation Sym- 
posium—Chicago 


4th National ISA Power Instrumentation Sym- 
posium——Chicago 


Pulp and Paper Instrumentation Symposium — 
Green Bay, Wisconsin 


10th National Telemetering Conference — 


Chicago 
ISA Summer Instrument-Automation Conference 


& Exhibit—Toronto 


3rd Biennial International Gas Chromatography 
Symposium—East Lansing, Michigan 


2nd Joint Automatic Control Conference — 
Boulder, Colorado 


ISA Fall Instrument-Automation Conference & 
Exhibit and ISA’s 16th Annual Meeting — Los 
Angeles 


Programed by 
ISA — All programing Divisions 


ISA Measurement and Control Instrumenta- 
tion Division with American Institute of 
Physics and National Bureau of Standards 


ISA Analysis Instrumentation Division 
ISA Aero-Space Industry Division 
ISA Power Industry Division 


ISA Pulp and Paper Industry Division with 
The Technical Association of the Pulp and 
Paper Industry 


ISA Data Handling and Computation Divi- 
sion with AIEE, ARS, AIS, IRE 


ISA — All programing Divisions 


ISA Analysis Instrumentation Division 





ISA Feedback Control Systems Division with 
AIChE, AIEE, ASME, IRE 


ISA — All programing Divisions 
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SECTION NEWS 





John McDonald, vice president of Dis- 
trict Il (right) presents the Central 
Arizona Charter to Fred Litterman, 
Section president. New Section offi- 
cers are (left to right) Bernard Florey, 
board of directors, William Sanderson, 
correspondence secretary, Pete Nich- 
ols, treasurer, Mr. Litterman, Mr. Mc- 
Donald, Tom Watkins, vice president, 
Glen Schwent, board of directors and 
Ethan Allen, publicity chairman. 


Central Arizona Section is Chartered 


The Central Arizona Section of 


ISA received its charter at a dinner 
meeting held recently at the Desert 
Rose Hotel, Phoenix, Arizona. 

The charter was presented by 
John McDonald, vice president, Dis- 
trict II, to Fred Litterman, Section 


president. There were 70 charter 
members as of July 13, the date of 
presentation 

Central Arizona is the only sec- 
tion in the state to receive a na- 
tional! charter, thus marking a mile- 
stone in the instrumentation field 
for the state 


Section members, traveling as far 
as one hundred miles to attend meet- 
ings in Phoenix, represent a variety 
of fields including aircraft support, 
electronics, equip- 


power, mining 


ment and agriculture 


Idaho Falls Education Report 


advancement _pro- 
grams continue to be the most pop- 
ular of the educational 
among the various sections. Idaho 
Falls Section started off last fall’s 
educational program with two main- 
tenance clinic sessions which were 
held at the Junior High School. The 


Professional 


activities 


topic was “Cross Sections at the 
Material Testing Reactor”, presented 
by Frank Petree. 


Science Fair 
In order to encourage interest in 
instrumentation, Idaho Falls also 
worked with the local school district 
on a Regional Science Fair program 


Two awards were presented, one on 
application of instrumentation, the 
other, in the physical science divi- 
sion 

A certificate of award was issued 
to each student chosen to compete 
on the Regional level, with a total 
of 36 certifications presented 


South Texas Section Awards Scholarship 


Jimmie Skinner of Corpus Christi 
has been awarded a_ full-tuition 
scholarship to Del Mar Technical 
Institute by the South Texas Section. 

The scholarship is a “first” for 
South Texas and will be offered on 
a yearly basis to a male graduate of 
an area high school. Amount of the 
scholarship is $240 which will pay 
one year’s tuition, laboratory fees 


and most of the necessary texts. 

Proceeds from an areawide In- 
strument Clinic, held recently by the 
Section at Del Mar Tech, was ap- 
plied on the scholarship. 

The selection committee reviewed 
school records, letters of recommen- 
dation, and the applicants’ own let- 
ters. Requirements included not only 
scholarship and character, but the 
desire to be a technician in the in- 


strument field rather than an engi- 
neer. 

The committee included I. J. Mil- 
ler, South Texas Section president, 
L. J. Lynch, first vice president, 
E. L. Williams, Dean of Del Mar 
College and Ted Boaz, Del Mar Tech 
Director. 

Ed Tweedy of Corpus Christi was 
named alternate scholarship winner 
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Strictly Sectional 


Dailey and L. M. Crowe 
ippointed Atlanta Section del- 
to the 15th annual meeting 

ISA Council which met recently 

onjunction with the September 
onference. Mr. Dailey was princi- 
pal delegate and Mr. Crowe, alter- 
nate 


Philadelphia Section’s 1960-1961 
monthly instrument clinic, formerly 
titled the Shirt Sleeve Clinic, began 
this month with a lecture and dem- 
onstration of Electronic Test Instru- 
mentation 


s 


At a recent meeting of the Wayne 
County Section, General Motors’ 
Leonard E. A. Batz lectured on “The 
Gyroscope and Its Uses” as applied 
to automatl pilot , Space ships and 


pace flights 


Keep Your Cotton Pickin’ Hands 
Off” or ‘Non-Contact Dimensional 
Analysis Using X-Ray, Infrared and 
Light” was the subject of the Sep- 
tember meeting of the Lehigh Valley 
Section. Guest speaker was Gene 
Jablonski, instructor at Temple Uni 
versity and sales engineer for Wes 


T 


Instruments Division, Daystron 


King of 
Engineering 

n Automotive 
during a recent 


Los Angeles Section. 


hairman of Oak Ridge Section’s 
Education Committee will be A. J 
Thompson. Subcommitte include 
S. E. Groothuis, Chairman, Profes 
ional Development; J. O. Alexander, 
chairn an, Management Develon- 
ment; Bud Cooper, Technical Ses- 
sions and Clinics 


First program of the vear for the 
Toledo Section was a conducted tour 
through the new and highly instru- 
mented plant of the Brush Beryl- 
lium Co. at Elmore, Yhio. Since 
the company has been developing 
metals for the government in con 
nection with the missile program, 
the tour was enlightening to mem- 
bers interested in heat treating 


Houston Section members held 
their annual Stag Barbecue at the 


H & H Guest Ranch 


The White Purification 
Plant of the Wate! 
Company was the site of a tour re- 
cently by the Indianapolis Section. 


River 


Indianapolis 
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A fall barbecue for members and 
their guests was held by the Sabine- 
Neches Section. 


McCormick Distillery at Weston, 
Missouri was toured recently by the 
Kansas City Section. 


Central New York Launches 


Educational Program 


Last month Central New York 
Section started off the fall segment 
of its 1960-1961 educational program 
with an Industrial Instrumentation 
Course at Svracuse Technical High 
School. The spring session will begin 
January 30 


Both semesters are suitable for the 
beginner or for the scientist or en- 
gineer who finds a need to become 
better acquainted with measurement 
fundamentals as used in laboratories 
r automatic control 


New Jersey Begins 


Control Course 


The New Jersey Section and New- 
ark College of Engineering merged 
efforts recentiy to offer a course in 
the Fundamentals of Industrial Con 
trol 


instrument techni 
supervisors, engi 
neering graduate and undergraduate 
students who have not had formal 
instrumentation training, the course, 
which started in September, deals 
with the basi concepts of automatic 


Designed for 


clans, toremen, 


control theory 


Marian Jaffurs Named 


New Departments Editor 


Marian Jaffurs has been appointed 
Departments Editor for the Instru- 
ment Society of America Journal 
Miss Jaffurs joined the _ editorial 
staff in July 1960 


The new editor has had extensive 
publicity experience and formerly 
was associated with Carnegie Insti- 
tute of Technology as Editor, Car- 
negie Tech News Service 

She will replace Virginia Kenny 
who has resigned to become the wife 
of a New York insurance executive 


BOOK REVIEW 





Organizing the Technical Confer- 
ence, Herbert S. Kindler, Rhein- 
hold Publishing Company, 1960 

Reviewed by M. D. Weiss 
Associate Director 
Analysis Instrumentation Div. 

Instrument Society of America. 
Experience in organizing technical 

sessions for the ISA has enabled the 

author to present the essence of 
technical sessions in a practical, use- 
able manner. From “Are Technical 

Conferences Really Necessary?” to 

the chapter on “Evaluation and Fol- 

low-Up”, this very readable book 
discusses the details, problems, al- 
ternate approaches and time-tried 
solutions to the steps in the concep- 
tion, organization and conduction of 

a technical conference 
The final chapter on committee 

conference has many sage remark 

concerning how our technical com 
mittees can be made to work. In the 
last appendix, the author presents 

a mathematical method for the eval 

uation of conference success which 

s fascinating in scope and coverage 

of all the details that make a con 

ference a success Highly recom 
mended for any one participating in 
the organization and planning of 


technical conferences 
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ALBUQUERQUE: Joseph B. Shrock 

BIRMINGHAM: Richard ( Walke1 

BOSTON: Arthu M McCoy Henry M 
Paynter 
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Andrew J. Unetic 

MILWAUKEE: Douglas L. Johnston 
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NORTH TEXAS: Murray S. McKinnor 
Robert E. Verinder, Don E. Weeks 

OAK RIDGE: Clyde D. Martin, Jr 

ORANGE COUNTY: Walter L. Schiffel 
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PHILADELPHIA: Morton G. Bloch, Lou 
Gillespie, Delbert E. Ross, Harry M 
Schenk 

PITTSBURGH: Francis J. Brown, Elgin A 
Eissler, Melvin W. Koehler, Jr 

SAN FERNANDO VALLEY: Howard R 
Chapman, Willis G. Havmaker, Jr 

SANTA CLARA VALLEY: Gordon I 
Barnwell, Rene G. Borde 

TAMPA BAY: Frank S. Douglas 

TOLEDO: John R. Ermlich 

TULSA: Minor W. Oglesby, Jr 

VANCOUVER: Donald B. Ansell, Clement 
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W. Treble 

WILMINGTON: Philip O. Edson 

UNAFFILIATED UNITED STATES: Roge: 
E. Dana, Louis A. DiCorpo, Dennis G 
Eksten, Harold L. Taylor, Richard B 
Watkins 








Lecture and lab area at Murrell-Dobbins 
Technical High School. Shown are typical 
simulated industrial process measurement 
and control equipment of 16 different 
manufacturers with which lab is stocked. 


Philadelphia 
Schools Open Technical Training Program 


$80,000 in Equipment Stocks Lab 


to 
school 


A technical training program 
prepare above-average high 
seniors for immediate employment 
as instrument technicians, or lay 
the groundwork for a college career 
in engineering or science, began 
this fall in the Philadelphia School 
District 


The course consists of instruction 
in the principles of measurement, 
upplemented by lab demonstra- 
tions and student experiments 


The instructional program 
been planned around ISA’s supple- 
mentary education course outlines 
Prominent ISA members have made 
important individual contributions 
to the program members of the 
Steering Committee and Task Force 


The course will presented at 
Murrell Dobbins Technical High 
School, where classrooms and a lab 
equipped with $80,000 worth of in- 
strumentation and control equip 
ment have been set up for this 
purpose. Instructional facilities in- 
clude lecture areas, working labora- 
tory and an air conditioned 
precision measurement lab. The 
course is open to all qualified high 
school seniors, both boys and girls 
Two periods a day are spent in the 
lab and one period is devoted to 
math 


has 


as 


be 


space, 


Because of close cooperation be- 
tween industry and school officials, 
it has taken just a little more than 
a year for the course to from 
the planning stage into a practical 
working program 

An unusual feature of the lab 
facility is the use of working auto 
matic control components from 
more than 16 different manufac- 
turers. The equipment includes such 
devices pneumatically operated 
Fischer & Porter pressure indicating 
transmitters; level sensing elements 
by Robertshaw-Fulton; electronic 


pass 


as 


differential pres 


manufactured by Swartwout 
Company; 
process demonstrator built by 


Mechanisms 
industrial 


an industrial temperature 
Elec 
tronic Inc simulated 
temperature and control 
Leeds & Northrup 
Company and recording and con- 
trolling devices Minneapolis 
Honeywell Regulator Company 


processes by 


by 


of instruction 

for 24 
student 
their 


certificate 


The present course 
will run six hours 
weeks. Upon graduation 
will receive a diploma from 
parent high school and a 
of completion for the in 
tion 


An evening 
sented for adult i 
tion industry who wish to 
their professional standing 

More than 30 individuals 
senting instrumentation users and 
manufacturers were consulted in 
he development of this project 


The 


a WeeCK 


strumenta- 
course 
course 

in the 


up 
pel 


repre- 


coordinated 
supervised by 
Director-Technical 
the Philadelphia 


program wa by 
L. J. Lipp and 
W. E. Brunton, 
Education, fo! 
School District 


was 


Members of the Steering Commit- 


Instructor }]. L. Hayes 
(right) supervises preci- 
sion calibration checks 
made by students in the 
instrumentation course 
offered by the Philadel- 
phia school system to 
exceptionally able high 
school seniors. 
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Valve Operator 


New valve operator for rotary 
plug valves of any size, partic 
ularly those in gas pipeline sery 
ice, utilizes gas pressure from 
pipeline; easily mounted in any 
position, Operator ts oscillating 
vane type hydraulic motor ap 
plying power directly to the 
plug valve stem; can be op 
crated by air or liquids from 
othe pressure sources with on 
without accumulators Phila 
delphia Gear Corp 


CIRCLE NO. 301 


Inclined-Vertical 
Manometers 


New line of inclined-vertical 
manometers designed for use 
with pitot tubes and flow meas 
urement are accurate within 
1%; virtually unbreakable; pol 
ished chrominum fixed scales 
permit accurate alignment of 
fluid meniscus with its image to 
eliminate parallax error; avail 
able in singh and double col 
umn. styles, stationary or port 
able. F. W. Dwyer Manufactur 
ing Company 


CIRCLE NO. 302 


D-C Recorder 


New portable 2-channel oscil 
lographic recordet amplifies 
with direct-writing heated stylus 
has 2-current feedback amplifi 
ers, floating and guarded inputs 
rugged, 2-channel recorder as 
sembly with low impedance; en 
closed galvanometers depend 
ability, small size achieved by 
completely transistorized circuit 
components mounted on one 


easily-serviced card. Sanborn Co 


CIRCLE NO. 308 


Liquid Level Controller 


New high sensitivity electronic 
floatless level control for use o1 
liquids of medium to high speci 
fic resistance (up to 12.5 meg 
ohms), assures positive fail-safe 
operation by wiring to terminals 
for either direct or inverse op 
eration; unit's low’ electrode 
potential, 9 volts dc and low 
electrode current, less than | 
milliampere, eliminate all shock 
and sparking hazards. B/W Con 
troller Corp. CIRCLE NO. 304 


Circuit Boards 


For assembly of experimental 
ind prototype electronic circuits 
these blank cireuit boards with 
grid pattern composed of holes 
for inserting evelets or terminals 
permit components to be 
mounted, connected with jump 
er wires and soldered to make 
plug-in-electronic circuit per 
mit practically limitless resol 
dering; variety of materials and 
mounting stvles are available 
Plug-In Instruments, Inc 

CIRCLE NO. 305 


Strip Chart Recorder 


New strip chart recorder, cart 
ridge type, provides record of 
tlow, pressure and temperature 
measurements fo periods up to 
36 days without attention; re 
duces chart changing costs; each 
cartridge, including chart, stor 
age spool and rewind spool, is 
removed as a unit so that chart 
hanges can be made in few 
seconds; no re-threading re 
juired; chart capacity: 38 feet 


speeds available from ‘2 to 6” 


per hour. American Metet 
CIRCLE NO. 306 


Soil Resistance Monitor 


New instrument for measur 
ing soil resistance with range 
increased by 10 times that of 
previous models, measures soil 
resistivity up to 86,650 ohms per 
cubic centimeter when employed 
with a single rod resistivity set 
up; for determining anode re 
sistance, other effects where 
or 3 electrode setups can be 
employed, soil resistance up to 
10,000 ohms can be measured 
Associated Research, Ine 


CIRCLE NO. 30 


Temperature Cutout 


Accurate new electric instru 
ment combines automatic pro 
tection against excess tempera 
ture with continuous tempera 
ture indication; available in 2 
models: N-30 will not shut off 
on line voltage failure, N-34 
will; can be used to sound an 
alarm and/or light a signal on 
excess temperature; allows mini 
mum of attendant supervision 
with complete — safety Alnor 
Instrument Co 

CIRCLE NO. 308 
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Miniature Bristol Metameter'Telemeter 
Recorders (top row) on central super- 
visory control panel at Cushing office of 
Shell Pipe Line Corporation. Instruments, 
occupying only 5”x 544” on panel, indicate 


Bristol telemetering 


“mans” half the 


*\J stations on 4.00-mile 


crude oil pipeline 


. 





and make permanent record of suction, 
case, and discharge pressure at each of 
five unmanned stations along 400-mile 
pipe line. (See map.) 








Bristol Metameter* system permits efficient, 
instantaneous supervision from central office, 
frees valuable personnel from routine duties. 


Midcontinent Division of Shell Pipe Line Corporation, Hous- 
ton, Texas, uses a Bristol Metameter System for telemeter- 
ing on the Ozark Pipe Line System, a 400-mile pipe line from 
Cushing, Oklahoma, to Wood River, Illinois. This system is 
jointly owned by Shell Pipe Line Corporation and The Texas 
Pipe Line Company and is operated by Shell Pipe Line. 

The Bristol Metameter telemetering system brings pres- 
sure readings from five unmanned pumping stations (out of 
10 stations in all) along the pipe line into the central dispatch- 
ing office in Cushing, Oklahoma. (See map.) Using the tele- 
metered readings, the Cushing office can exercise complete 
supervisory control over pump operation at the unattended 
stations. Every other station along the line is manned, in- 
cluding the junction point, Cushing, and the terminus at 


Wood River. This puts personnel within a reasonable distance 
to take corrective action if trouble develops. 

Whether they’re used on oil pipe lines, natural gas pipe 
lines or distribution systems, electric power systems, water 
plants, or in steel mills or other industrial plants, Bristol 
telemeters can practically always improve operating effi- 
ciency and cut costs. Their accurate, precise readings are 
transmitted with the speed of radio (VHF, UHF, micro- 
wave), or telephone or carrier current lines for distances 
that may vary from a few yards to hundreds of miles. Pres- 
sure, liquid level, flow (including total corrected flow), tem- 
perature, mechanical motion, voltage, current, and power 
are just a few of the variables that can be transmitted. 

Bristol developments in industrial telemetering, soundly 
based on more than 45 years’ experience in this field, are 
making possible today a speed and an effectiveness in central 
supervisory control that would have been undreamed of only 
a few years ago. Let us give you full details. Write: The 
Bristol Company, 129 Bristol Road, Waterbury zU, Conn 


*T. M. Reg. U.S. Pat. OF. 0.19 


BRIS i OL ...for improved production through measurement and control 


AUTOMATIC CONTROLLING, 


CIRCLE NO. 92 ON PAGE 110 


RECORDING AND TELEMETERING 


INSTRUMENTS 
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Thermocouple Cartridge 


New expendable thermocouple cart 
ridge for accurately measuring steel 
bath temperatures, has nondirectional 
contacting, makes couple easier to as 
semble and use; plug and = socket of 


ibsorb 


materials pressure 


resilient 
stress, make cartridge virtually damage 
wool; tapered one-piece ceramic bods 
assures snug fit into protective paper 
sleeve, eliminates metal leakage, pro 
tects holder from damage Leeds & 


Northrup Company. CIRCLE NO. 309 





Digital Incremental Recorder 


ion plotting of com 
puter processed data 
is mack possible with 
new x -% recordes 
which converts digit 

Information regarding 


relative variation of 2 





functions into corres 


lotting paper and plotting pen 


ponding incremental motions of p 


relationship between 2 functions is 


th 


graphical representation of 
to within lOOth inch, the size of the basic plotting 


ccurat 
j 


increment. California Computet Products, Inc. CIRCLE NO 10 


PHOTOVOLT 


LINE-OPERATED 
SUPER-SENSITIVE ELECTRONIC 


MULTIPLIER-PHOTOMETER 


j For the exact measurements of extremely low light 

values down to 1/10,000 microlumen for absorp 

tion and flame photometry. Colorimetry through 

| microscopes. Scintillation measureme on crystals 
Fluorescence trace analysis. Monc ‘ie color 
densitometry. Measuring high der. se, on micro 
areas. Light measurements through telescopes 





Write for Bulletin +360 to 


PHOTOVO LT Corporation 


95 Madison Avenue New York 16, N. Y. 
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Automatic Well Test 


Fully automatic well testing sys 


n greatly simplifies, reduces time 


required tor determining amount 
of oil, gas and water produced by 
individual wells; automatically tests 
25 or any multiple of 25 oil wells; 
each 25-well module equipped with 
purge timer, test time ind skip 
test well-selector switches; oil, gas, 





water counters provided for tabu 
lation, storage of data during test 
Instruments, Inc. CIRCLE NO. 311 


Diaphragm Valve 


New 8” flanged-end Penton 
lined packless diaphragm valve 
largest of its type available, costs 
less than solid Penton or various 
corrosion-resistant metal valves 
provides comparable or superior 
resistance to = =~wide range ol 
chemicals; on-off throttling con 
rol of acetic acid, butadiene 
hvdrotluori acid lubricating 


oil, natural gas, etc; suitable tor 
maximum pressure of 100 psi 
ind temperature 240°F depend 
pressure Hills Mi 


CIRCLE NO. 312 


ing upon 


Canna Co 
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Stepping Motor 
sidirectional stepping, impulse o1 
positioning servomotor has mag 
netic operation without ratchets 
mechanical stops or pawls; speeds 
up to 400° steps/second achieved 
with extreme quietness for many 
millions of revolutions. Typical ap 
plications: positioning servomotor 
digital-to-analog converter, or high-torque instant-start synch 


ronous motor. Sigma Instruments, Ine CIRCLE NO. 315 


Magnetic Storage Drum 


Compact low-cost magnetic storage drum meets specifications 
for buffer storage to magnetic tape; can be supplied with match 
ing read-write circuits, o1 used as medium access storage tor 
data reduction, processing systems, similar applications; capable 
of storing 100,000 binary bits. Farrington Manufacturing Co 


CIRCLE NO. 314 


Alarm Rotameter 


New alarm rotameter special 
lv designed to measure fluid 
rate of flow, indicates abnormal 
high, low tlows bv electronic 
detection; employs standard ro 
tameter with 5”, 10” or 600 mm 
tube and high frequency pickup 
sensing coil mounted — flush 
against metering tube; coil ad 
justable over full range of scale 
connected by cable to electronic 
alarm; activates warning light 
alarm device will = start/stop 


pump, motor, control unit. Schutte and Koerting Co NO. 315 


Tachometers 
Featuring an extremely accurate temperature range and close 
tolerances, high precision, temperature compensated motor 


tachometers meet mil-spec environmental requirements; can be 


supplied with leads or terminal boards; output voltage: 2/75 
volts/1000 rpm is held within +0.25° trom 0° to 70°C; can be 
used in missiles, computer packages electronic systems, airborne 
ground support control units, American Electronics, Inc 


CIRCLE NO. 316 


Test Console 


Complete test con 





sole containing all the 
necessary electronics 
for testing inertial gy 
ros, features torque-to 
balance feedback loop 


magnet suspension 








panel compensation, 
dual photocell ampli 
fiers, gyro-wheel sup 
plies, frequency 
source, dual demodu 
lator and servoamplhi 
fier. Northeastern En 
gineering, Inc 


CIRCLE NO 


linear motion 
measurements 


POTENTIOMETER TRANSDUCERS 


For use in the precise measurement 

or control of displacement, strain, valve 
stem travel, thickness, weight, and force 
Easily adapted for use with a wide 


variety of readout instruments 


=) zs 


SERIES IP 1120 


Ranges: 0.00 « 0.10 through 0.00 to 36.00 


Linearity: 01% of stroke for most ranges 


Resolution: 0.002" to 0.002’ 


H.E.SOSTMAN & CoO. ee 


348 E. Lincoln Ave., Cranford, New Jersey, BRidge 2-5750 
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=== ISA MEMBERSHIP ==>; 
BENEFITS | 


are completely spelled out in the free 


booklet “Your Place In Instrumenta- 


tion.” In it you will find all the benefits 


——on--z[>]>—FCFCTCOCTCO TO 


to management, engineers and techni- 
cal personnel in the fields of measure- 
ment, testing, information handling, 
computation, and control. Find out 
what this nationwide organization can 


do for you today. Use coupon below: 


eee eee 
OO 


A Membership Application 


Form Is Included 


——— 


or Or EOeEOeOOO OO 


Instrument Society of America 
313 Sixth Ave., Pittsburgh 22, Pa. 

Please send me your free booklet, “Your 
Place in Instrumentation” and a Membership 
Application Form. 

Name 


Address 
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High-Speed Printers 
New series of high-speed low 
cost printers for readout from data 
processing systems feature simple 
operaiion, extreme reliability; two 
series offered: one, normal print 
ing rate ef 1000 lines per minute of 
alphanineric characters and 2000 
lines per minute of numeric print 
ing; second, 500 lines per minute of 
alphanumeric characters and 1000 lines per minute numeric 
Anelex Corporation CIRCLE NO. 318 


Gas Density Balance 

Continuous gas density balance used where process stream 
density is critical consists of measuring cell, amplifier power 
supply temperature controls features rapid response to 
density changes, corrosion resistance, positive accuracy check 


single or multirange linear meter readout. Beckman Instruments 
Incorporated CIRCLE NO. 319 


Algebraic Computer 


New features of alge 
braic compute include 
choice of 2 graph papers 
providing sparked solu 
tion curves better defined 

than with former materi 
als; new adjustable tipped 
probe clamps, and probe 
clamps up to the 5th 
power, make possible di 
rect programing of more 
complex problems; especially useful in modern network syn 
thesis, transient analysis and feedback control system design 
Electro Scientific Industries, Inc CIRCLE NO. 320 


Single Wire Thermocouples 


Single wire hot junction thermocouples with unbroken min 
eral oxide insulation and sheath continuity are ideal for extreme 
fempe ratures, pressures, corrosive conditions, »hysical stresses 
no sheath welds or closures permit use of any metal for sheath 
ing; centerline location of single heavy 24-gage wire provides 


rugged construction. Conax Corpoyation CIRCLE NO. 321 


Control Panel 

New multi-unit au 
tomatic control panel 
serves as single con 
trol oInt for opera 
tion of up to 5 lec 
tric motor driven com 
pressors keeps in op 
eration only those ma 
chines required for 
immediate demands of 
process alr oO! gas 
manual or fully auto 
matic operation of 
one or all compres 
sors in group. Clark 
Brothers NO. 322 
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Oil Filter 


Instrument industry’s problem of harmful 
oil or oil fumes from compressed air lines 
eliminated by new filter; unique two-stage 
action of separation, then filtration, insures 
complete removal of oil fumes, water and 
dirt as small as three microns; incoming air is 
baffled downward, centrifugally whirling air 
to the shell of the unit away from cartridge 
Moisture and other contaminants are pre 
cipitated to run down the sides to the sump 
chamber from where they can be drained; 
air then flows up through long-life replace 
able filter cartridge where particles 
removed. Wilkerson Corp. CIRCLE NO 


Ratemeter 


New high reliability linear count rateme 


applications, features wide-range low-output 


ter for nucleat 


vero drift; fur 


nishes immediate indication of radiation intensity measured by 


proportional, scintillation or fission counters; d 
ure O to 10,000,000 counts per minute in 


ranges. General Electric ( 


Direct Writing Recorder 


New electric writing fea 
ture of direct-writing, port 
able recorder permits unat 
tended recording of analog 
and event data over pro 
longed periods even where 
extremes of environmental 
conditions are encountered 


> channels of analog data 


Qo 
o 
2 channels of coded, event o1 
time data can be recorded 3) 
Se cman 


instantly on common time 





base by compact versatile re 
cording system. Brush Instru 


gOr 


ments/Clevite Corp. NO. 325 


D-C Amplifier 
New addition io line of bistable relay amp 


input a photoresistor with varving resistance of 


esigned to meas 
10 overlapping 
IRCLE NO. 324 


lifiers has as its 


2 to 5 megohms 


functions at extremely low levels of current: capable of reacting 


to signals of 10 to 25 microamps; output 10 vol 
drive heavy duty relay coil with far greater 
previously feasible Lumen, Inc ( 


Oscillograph 

New low-cost direct re 
cording oscillograph de 
signed for use in normal 
laboratory testing and 
evaluation, produces in 
stantly readable records 
of up to 6 channe ls of 
scientific and test data 
simultaneously without 
inks, styli, heat, powders 
or chemical processing; 
use of plug-in galvanom 
eters makes it possible to 
easily adjust frequency re- 
sponses from 0 to 200 cps 
to meet individual needs. 


Heiland/Minneapolis-Honeywell Regulator Co. 


ts at 10 ma: can 
sensitivity than 


IRCLE NO. 326 


NO. 327 





ADVANCED 
COMPUTER 
RESEARCH 
AT LOCKHEED 


Challenging new concepts in the 
computer field are being investigated at 
Lockheed’s Missiles and Space Division 
research laboratories in Palo Alto, 
California. Important progress is being 
made in pure and applied research as 
well as in the development of new and 
unusual design concepts. 


Advanced research programs are being 
carried on in such areas as: 

Switching theory *» Modular codes - 
Logical design * Mechanical language 
translation * Digital system theory - 
Ferrite-wire logic circuits * Tunnel diode 
circuits * Microwave digital techniques + 
Magnetic thin films * Micro circuitry 


Engineers and Scientists who are 
able to make contributions in these areas 
are invited to write to: Research and 
Development Staff, Dept. J-24. 

962 West El Camino Real, Sunnyvale 
California. U.S. citizenship or existing 
Department of Defense industrial security 
clearance required 


Lockheed 


MISSILES AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM 
The Air Force AGENA Satellite in the 
DISCOVERER, MIDAS and SAMOS Programs 


SUNNYVALE, PALO ALTO, VAN NUYS, 


SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA ¢ HAWAII! 
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new products Strip Chart Recorders 


Iwo strip chart re 





corders for use in indi 
cating recording  or7 
controlling dimension 


al variables, differen 


Magnetic Pilot Valve 


Pilo valve for ictuation rt tiate single pen trom 


— lare ’ ‘ 
if J valves is rated as a small flow, N.O. and NA 2 2-pen units fontnve 
of my 


and %-wav 1000 psig 10,000 psig burst) pneu ' 
continuous null bal 
matic service valve; capacity is rated by equiva 
cae ance principle as 

lent sharp-edge orifice diameter of 0.050 op 
, ' : method of measure 
eratec lectrically on I8 to 30 vde through . : 
. ' ment; change in meas 
either standard MS receptacle or pigtails; inlet 5 
ured variable results 


vent are both screened ports 15” valve is 
Val in error signal to amplifier input; amplifier output drives 
a 


housed in aluminum allov body. Marotta ve 


Corvoration CIRCLE NO. 328 balance motor and pen to caneel error signal, Schaevitz: Engi 


NO. 331 


Electronic Scanner Log-N Period Amplifier 


New high-speed, tranmsistorized electronic scanner is designed For rapid, accurate nuclear reactor neutron measurement 


l 1 


o sequentially switch digital data points in the form of contact this easily calibrated log-N meter, a micromicroammeter, utilizes 
closures or voltage at a rate of 50,000 points per second an operational d-c amplifier with logarithmic feedback and 
Datex Corporation CIRCLE NO. 329 rapid response. General Electric CIRCLE NO. 332 


Electric Eyes Fine-Wire Thermocouples 
Miniaturized electric eves of Fine-wire thermocouples of chromel 
fer automation industry low-cost alumel iron-constantan,. ot platinum 


practical approach to monitor platinum 10 rhodium, with unique 





i counting, positioning of any mounting arrangement are available in 


object passing on dropping either 0.090 or O.111% diameter tor maxi 
through = ligh beam pickup mum speed of response time constant 
units have ” standard pipe less than 10 milliseconds) or to 0.0038” 


+ 5 of 


telbads thread for easy mounting 











op diameter for maximum life especially 
erates relavs when direct light useful in measuring rapidly varying gas 
beam is interrupted by passing object, o7 operates on reflected temperatures in any type ol apparatus 
light from a surface. Photomation, Ine CIRCLE NO. 330 Motech Company CIRCLE NO. 335 


TELEDYNE 


PRESSURE TRANSDUCER 


‘Oudlatt Them, Alp!” 


BONDED STRAIN GAGE construction makes the 
TELEDYNE practically insensitive to vibration or 
shock . keeps it on the job long after others have 
failed. Resolution is INFINITE. Handles extremely 
corrosive acids and alkalies including fuming NITRIC 
ACID. Features Pressure Cavity clean out and standard 
built-in overload protection. Repeatability 0.1%, Linearity 
0.3%, Hysteresis 0.25%, Ambient Temperature —150° to 
+275° F. 1 Millisecond Response. Pressure Ranges: 0-50 
up to 0-10,000 PSI 
With one simple cable connection up 
to ¥2 mile, the TELEDYNE can be 
used with the Taber Indicator as 
shown, or standard make Recorders 
and Controllers. 


Write or telephone for literature and prices. 


TABER INSTRUMENT 
CORPORATION 
Section 24] 107 Goundry St 
Sat hae’ oft Teonsbter pation North Tonawanda, N. Y 


such as our 214 A.C. Error Am Phone: NX 3-8900 . TWX TON 277 


plifier for printed drcuvit resolvers 
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Push Button Timer 


Pushbutton timer which provides 
automatic shut-off and reset” is 
available for either a-c or d-c op 
eration; has 0.0025 repeat accuracy 
EXCLUSIVE metal-to-neoprenc im 
pingement clutch, one spdt snap 
action load contact in series with 
motor, plus option of additional 

? spdt snap action independent load 
contact: three-way mounting. Automatic Timing & Controls, Ine 


CIRCLE NO. 334 


Digital Clock 


New digital clock pro 
vides 3 basic clock fune 


tions: digital time display 


me i ae 
4> digital time in 1-2-2-4 
coded output form, and 
elapsed time measurement 


Em. 

ae 2.2.84 with digital time display 
© — 
and coded output; real 

a 
time or time measurement 
is displaved in hours, minutes, seconds; internal |-cycle clock 
pulses generated by synchronization with 60-cycle power line 


or extarnal sources. Computer-Measurements Co NO. 335 


Print-Punch Equipment 


New print punch equipment speeds up off-line preparation of 
computer data tapes; developed tor general purpose digital 
computer, new equipment is completely self-contained, comes 
in 2 table-top units: 10-kev input kevboard and paper tape 
punch, Autonetics/North American Aviation, Inc NO. 336 


Pressure Transducers 


New series of indus 
trial pressure trans 
ducers are used to con 
vert fluid pressures 
into continuous elec 
trical signals for di 
rectly driving remotels 
located milliammeters 
or direct-writing gal 
vanometers; available 

in full scale pressure ranges from 0-1.5” of water to 0-5000 psi 
gage, differential and +; absolute ranges from 0-5 to 0-5000 psi 
also available operates from standard 115 vac, 60 cps voltage 


supply. Ultradyne, Inc CIRCLE NO. 337 


Data Recording System 


New low-cost, high-speed, low 
level differential data acquisi 
tion system, features highly ver 
satile format control which pro 
duces data directly acce ptable to 
most computers; modular design 
makes possible acceptance of all 
types of electric signals repre 
senting many different variables 
that require measurement. Elec 
tro Instruments, Inc 


CIRCLE NO. 338 


ao) Amigo) sme Mle) g-t-leie) elm 


requirement, and detector’s spectral 
characteristics. Greater than 70% 
transmission and a half bandwidth of 
approximately 1% at specified peak 
wavelength. Delivery from stock: 
set of 8 filters uniformly distributed 
over visible spectrum...as well as 
mercury and sodium lines. Send your 
requirements for quotation today. 


TYPICAL INTERFERENCE 
FILTER TRANSMISSION 


10 TTT TTT 


} 


+ 


+ 


PERCENT TRANSMITTANCE 


See e See eee eee e ew 








eee eee 


WAVELENGTH (Millimicrons) 


BURBANK BRANCH 
LIBRASCOPE Division 
GENERAL PRECISION, INC. 
100 East Tujunga « Burbank, Calif. 
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PERSONALITIES 





Thomas J. Barthlow 


gE Unemicais 7 


Donald T. Cusack 


Hagan Chemicals and Controls 
manager of the Huntington, West 
Virginia office will be Pittsburgh 
member, Thomas J. Barthlow, (pho- 
to) formerly manager of sales, proc- 
ess systems, controls division. Don- 
ald T. Cusack, (photo) a New Jersey 
Section member, has been appointed 
manager of sales, process industries, 
Pittsburgh. 


Miniature Precision Bearings, Inc 

C. Harold Hannan (photo) has been 
promoted to director of research in 
MPB’s new research and develop- 
ment laboratory and special engi- 
neering department 


Computer Equipment Corporation 
former national sales manager of 
Kin Tel, Cohu Electronics, Inc., E., 
C. Titcomb, (photo) has been ap- 
pointed manager, customer relations 
at CEC where he will direct the 
sales and proprietary product line 
expansion of the corporation 


General Precision, In« part of a 
continuing expansion program of 
Librascope Division is the appoint- 
ment of Ralph V. Barnett (photo) 
to the newly created position of 
vice-president and Eastern branch 


manager 


R. J. Baumann 


Richard D. Hanson 
Beckma tron-Donr 


ys Uv 


ne Corp 
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James L. Musgrove Thomas Waldrop 


Instron Engineering Corporation 
Baton Rouge Section member James 
L. Musgrove (photo) has been ap- 
pointed Southwestern regional sales 
manager. 


Electronic Processes Corporation 
assistant marketing manager is the 
new post of Louis W. Hoppe, North 
ern California Section member 


Associated Research, Inc Chi- 
cago, Section member, Richard W. 
Inman, (photo) has been named 
president. He was formerly vice- 
president of the firm 


Dresser Industries Col. George 
B. Kaiser, USAF (Ret.) (photo) was 
recently appointed manager of plan- 
ning programs for Robert OO. 
Vaughan, vice-president of market- 
ing, Southwestern industrial elec 
tronics division 


Systron-Donner Corporation re 
cently elected vice-president of the 
Donner Scientific Company subsi- 
diary was Richard D. Hanson (pho- 
to) previously manager of manu 
facturing 


. Harold Hannan 


Ed Woodhams Richard Ww. Inman 


Daystrom Thomas R. Hudson, 
San Diego member, has been pro- 
moted to technical consultant 
Thomas Waldrop, (photo) Atlanta 
member, has been appointed systems 
sales manager in the utility industry 
Both men will work out of the con- 
trol systems division in La Jolla, 
California 


National Astro Laboratories, Inc 

Ed Woodhams, (photo) measurement 
standards engineering specialist, 
has been appointed laboratory di- 
rector of the quality assurance lab- 
oratory in Pasadena. He is a Santa 
Clara Valley Section member 


Beckman Instruments Robert J. 
Baumann (photo) has been appoint 
ed manager of the systems division, 
which specializes in design and man- 
ufacture of high speed electronic 
data processing systems for military 
and space use 


Trans-Sonics, Inc. . . . the post of 
advertising and publications man- 
ager has been awarded to Richard A. 
Minard, Boston Section member who 
will direct product advertising, pre- 
pare and publish sales and technical 
bulletins 


(Please Turn to Page 92) 


Ralph V. Barnett Col. George B. Kaiser 


Inc. 








They are not going to tell him how to fuze a nuclear warhead. 


He is not going to tell them 

why Kodak's direct-writing 

paper responds so well to 
ad cbaahndaeatae _ Permanizing treatment 


Hugh L. Odell (left), supervisor of instrument services 
at Sandia Corporation’s Livermore (Calif.) Laboratory, 
introduces Sandia’s Wilford Vandermolen to Kodak’s 
John Pardee (center). Mr. Vandermolen’s function is to 
record on photographic paper signals such as those in- 
dicating the condition of the fuzing mechanism inside 
the casing of a nuclear bomb under various applied 
forces. Mr. Pardee’s function is to co-ordinate develop- 
ment of new combinations of sensitized paper, chem- 
icals, and processing techniques with the changing needs 
of users of Kodak Linagraph Papers. 


Some people's secrets are bigger than other people’s secrets. Some of the biggest are 
kept by Sandia Corporation, whose responsibilities include the ordnance engineering of 
nu. 2ar weapons. Everything had better be up to date at Sandia. 

On this visit John Pardee found out that the up-to-date view on Kodak Linagraph Direct 
Print Paper is a little different from what we had in mind. We developed the product for 
instant results and only occasional need of preservation treatment with Kodak Linagraph 
Permanizing Developer. Turns out that at Sandia’s Livermore Laboratory they do the 
preservation treatment routinely on many recordings (because photocopies are needed), 
but they need the no-processing, instant-see feature for quick-look appraisal of informa- 
tion recorded on magnetic tape. 


For a booklet on these two companion products write 


Photorecording Methods Division 
EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
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@® Remove all traces 
@ of OIL 

@ from compressed air lines... 
é 


NEW witkerson 


‘PIRI RLELOY 


For air lines 44” to 5” P.T. 
‘e with or without pipe flanges. 


Exclusive features of NEW Wilkerson 
“‘WHIRLFLO” FILTER 
* Metal bow! or transparent bowl 
* “Micro Pruf artridzge completely 
moves oi! and particles as small as 3 
asts 4 times longer 
ter CFM capacity 

PSI with meta 
Put “‘WHIRLFLOS’ " double-barreled 
action to work for you. 


grea 





naintenance and operat 


ts 4 times longer than 


ily replaced by removing 


nl 


unit remains on pipe line 
of automat pet ke 
nan failure to drain, keeping 
artr ige from wate t vel 


WRITE TODAY for complete 


the eff money-sav 


Filter 


protection 


ILKERSON 


ede] Ste] 7 vale], Br 


Dedicated to keeping the NEW in pNEUmatice 
1636 W. GIRARD, ENGLEWOOD, COLO 
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(Personalities, from Page 90) 


NBS Expands Program, Announces 
Commerce Department Awards 


Dr. W. A. Wildhack, past president 
of ISA and current chairman of the 
Instrumentation Research Commit- 
tee, has been named special assist 
ant to the Director, National Bureau 
of Standards. His new assignment 
is to explore and keep abreast of 
the needs of industry and govern- 
ment for precision standards, cali- 
bration services and improved meas- 
urement techniques. He will con- 
tinue to serve as advisor on the NBS 
activities in Instrumentation Re- 
search and Development 


Dr. Joshua Stern has been named 


chief, basic instrumentation section, 


instrumentation division, NBS. A 
member of the ISA publication and 
transducer compendium committees, 
he will be responsib.e for laboratory 
research work on basic instrumen- 
tation and supervision of the infor- 
mation reference center at NBS. His 
advancement is one of several or- 
ganizational changes to expand and 
increase activities of the instrumen- 
tation division of the Bureau 


Dr. K. E. Shuler, an authority in 
chemical kinetics, statistical me- 
chanics, energy transfer and molec- 
ular spectroscopy, has been ap 
pointed consultant to the director 
of NBS. In this capacity he will 
serve as scientific advisor in con 
nection with the Bureau’s constant 
efforts to strengthen its basic science 
program. Dr. Shuler will also con 
tinue his own research in chemical 


physics 


Commerce Department Awards 


The Bure: announced the 
latest winne f ie gold (excep 
tional) and (meritorious) 


ervice medals 


Gold medal recipients are: Dr 
Harold O. Wyckoff, chief, X-ray sec- 
tion, for research in the field of 
radiation hielding and measure 
ments culminating in distinguished 
authorship of a book on radiation 
protection; Dr. Chester H. Page, con- 
sultant to the director, for contri 
butions in the fields of electronics, 
ordnance, physical research and 
measurement, including highly dis- 
tinguished authorship; Alvin G. Me- 
Nish, consultant to the director, for 
contributions to the fields: of geo- 
magnetism and ionospheric physics, 
metrology and standardization; Dr. 
Charlotte Moore-Sitterly, spectro- 

opy section, for research in spec 
troscopy and astrophysics, distin 
guished authorship of definitive ta- 


bles of atomic energy levels and 


spectroscopic multiplets, and inter 
nationally recognized interpretations 
of the solar spectrum; Dr. Garbis H. 
Keulegan, fluid mechanics section, 
for contributions to the basic laws 
of hydrodynamics, particularly on 
open channel flow, water waves and 
modeling laws underlying the science 
of density-current flows; Dr. Herbert 
P. Broida, technical coordinator, 
free radicals research and Dr. Ar- 
nold M. Bass, chief, free radicals 
section, for scientific and adminis 
trative leadership of NBS’s free rad 
icals research program 


Silver medal recipients include 
Dr. John K. Taylor, chemist, analy 
tical chemistry section, for contri- 
butions to accurate electrochemical 
methods of analysis; Myron C. Selby, 
chief, high frequency electrical 
standards section, Boulder Labora- 
tories, for achievement in radio 
standards and measurement tech 
niques, particularly standards of 
voltage and current, attenuation, 
field strength and interference; Ben- 
jamin L. Page, chief, length section, 
for development and application of 
techniques for achieving the highest 
accuracy and reliability in inter 
comparison and calibration of line 
standards of length; Lytle E. Mann, 
instrument maker, for unusual skills 
and special contributions to the pro- 
gram of the electron physics section, 
and Dr. David M. Kerns, assistant 
chief, microwave frequencies, radio 
standards lab, Boulder Laboratories, 
for development of national micro- 
wave standards and measurement 
techniques and for meritorious au- 
publication and distribu- 
obtained 


tnor ship, 
tion of results 


Houston’s Roy O’Neill 
Appointed V-P of Fisher 


Roy O'Neill, Houston Section 
president, has been appointed vice 
president of Fisher Scientific’s re 
cently purchased subsidiary, Indus 
trial Scientific, Inc. of Texas. M1 
O’Neill, former co-owner and vice 
president of I.S.I., was also named 
sales manager 

Now operating as a wholly-owned 
subsidiary of the Pittsburgh firm 
ISI is a Texas supplier of laboratory 
equipment with three plants: Fort 
Worth, Houston, Odessa, and a sales 
office in Baton Rouge 

Other officers of the new South- 
western Division include’ Frank 
Donics, president, currently vice 
president, Fisher/Philadelphia, and 
Harold Wilson, vice president, for- 
merly co-owner and president, ISI 








Fischer and Porter . . . Philadelphia 
member, Frank P. Houpt is the new 
administrative director of the indus- 
trial instruments and systems divi- 
sion. He previously served as man- 
ager, systems engineering dept 


RCA Charles M. (Buck) Lewis, 
Philadelphia Section member, has 
been promoted to manager of the 
industrial systems department, EDP 
division 


Singer Manufacturing Company 

head of the newly-created intelli- 
gence systems department, HRB- 
Singer, Inc., a unit of Singer Military 
Products Division, is Albert F. Lo- 
pez, formerly section manager of the 


unit j 
; 


Ford Motor Company a new 
technical staff within the Aeronu- 
tronic Division, will be directed by 
Dr. Ernst H. Krause, general opera- 
tions manager of electronic system 
operations 


Beckman and Whitley John W. 
Corcoran has been promoted to chief 
cientist in the research and devel] 
opment division 


Garrett Corp directing the ac 
tivities of more than 4500 engineer 
ing, administrative and production 
pec ialist l the AiResearch Man 
ufacturing vision will be Richard 
E. Palmer. 


General Dynami Pierre J. 
Tapernoux has been appointed sys 
tem design manager, systems man 
agement department, Stromberg 
Carlson’s electronics division, where 
he will manage the design of a com 
plex $27 million electronic recon- 
naissance system for the USAF 


RCA Appointment of Dr. Sidney 
L. Simon as chief engineer, Missile 
Electronic and Controls division 
was recently announced 


Syntron Company S. E. Bray- 
shaw, supervising engineer, selenium 
product semi-conductor division, 
has been appointed chairman of the 
selenium and copper oxide stand- 
ards committee of the Joint Elec- 
tronic Devices Engineering Council 


(JEDEC) 


NEW 


ANGULAR 
TRANSDUCER 
INSTRUMENT 
SYSTEM 


Instrumentation for the wheel-balancing application shown in- 
cludes the two units of the ROTAN system—Type 182A Angle- 
Encoding Transducer and Type 183A Rotational Analyzer— 
working in conjunction with a linear variable differential trans- 
former and a Type Q Plug-In Unit in a Type 533 Oscilloscope. 


A Type 182A Angle-Encoding Transducer and a Type 183A 
Rotational Analyzer comprise the new Tektronix ROTAN 
system. Designed to study rotation-associated phenomena in 
machinery, the two ROTAN units adapt an oscilloscope to 
provide horizontal trace deflection proportional to angular displacement of a 
rotating shaft. The ROTAN system generates a horizontal sweep representing 
shaft angle—at speeds from essentially zero to 20,000 rpm. Transduced data, 
such as velocity, pressure, acceleration, or vibration (applied to the oscillo- 
scope vertical input), appears on the crt screen correctly referenced to this in- 


stantaneous angular position. 


TYPICAL ROTAN DISPLAYS 


Diesel engine cylinder pressure vs Vibration vs. crank angle. 360° dis- ] crank angle. 360° dis- 
rank angle. 360° display with 10 play of a 4-cycle, 1-cylinder gaso- play 1 ntensity markers. The 
ntensity markers. Intensified por yine ndary voltage 

tion is the 50° sector the secondary 


n sweep, starting 


Price, ROTAN System. . $850.00 


f.0.b. factory 


Tektronix, Inc. 


P.O. Box 500 


Call your Tektronix Engineer for a demonstration 
of the ROTAN system in your own application. 


Beaverton, Oregon Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albuquerq Me Atlanta * Baltimore T Md.) + Bost Lexington 
Me aA y Pp. eveland t alla ¢ yt r { 


ver, Colo. « Detroit 
1d. * Kansas City 
ty Area (Albertson 

+ Poughkeepsie 
Willowdale, Ont.) 


Ma of : N « Chicag Park R 


age, M 


anada « Washingt [ ja 
TEKTRONIX ENGINEERING REP 


€ ed twenty over 


zat 


€ va 
RESENTATIVES: Hawthorne Elect s, F and, Oregon « Seattle, Washington 
‘ on by @ P 


eldronin seas Countries by qualified engineering orga 


In Europe please write Tektronix Inc., Victoria, Ave., St. Sampsons, Guernsey C.I., for the address of the 


Tektronix Representative in your country 
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TYPICAL PERFORMANCE CURVE OF MODEL "P” TRANSMITTER 


COCO 


LOW COST 


PRESSURE ano 
LIQUID LEVEL 


TRANSMITTER 


WITH 


QUALITY 


FEATURES 
FOR 


DEPENDABLE 
OPERATION 








SSF — 


The Conoflow Model “‘P”’ Transmitter is 
a low cost, rugged instrument which 
measures pressure ana liquid level and 
transmits a linear 3-15 psi signal to 
standard receiver elements. Incorporates 
many features not found in more ex- 
pensive devices for guaranteed depend- 
able operation. 


Safety—Process liquids and gases cannot back 
up into air lines and damage costly instruments. 
This is assured by the complete separation of 
measuring diaphragm from pneumatic pilot. 


Simple Installation—The Model “P" can be mount- 
ed either horizontally or vertically on open or 
closed vessels. No dip tubes, floats or other 
mechanical devices are required inside the tank. 


Long Life—Only the corrosion-resistant Inconel X 
diaphragm is exposed to the measured ma- 
terial. Preformed diaphragm will not work- 
harden or fatigue; withstands pressures to 500 
psi and temperatures to 450°. 


Versatile—Can be used for practically any 
service; ideal for viscous fluids or materials 
with solids in suspension; also for flowing bulk 
materials such as pigments, flakes, etc. 


Choice of Ranges—Available for measuring 
ranges as low as 0 to 100” of water and pres- 
sures as high as 250 psi. Ranges can be changed 
in the field. 


Specifications—New Bulletin P-36-1 contains complete specifications on the Conoflow 
Model "P” Transmitter. Write for your copy today or ask for a quote. No obligation. 
Conoflow Corporation, 2100 Arch Street, Philadelphia 3, Pa. 


a 


_ CONOFLOW CORPORATION 


FOREMOST iN FINAL CONTROL ELEMENTS 


cc-1003 
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NEW BOOKS 





Glossary of Terms in Computers and 
Data Processing, Edited by Ed- 
mund C. Berkeley and Linda L. 
Lovett, 90 pp., $3.95. 

Fifth edition glossary of Computers 

and Automation clearly defines spe 

cial terms for key ideas, aids not 
only those acquainted with com- 
puters, but persons relatively new 
to the field. (Order from Berkeley 
Enterprises, Inc., 815 Washington St., 
Newtonville 60, Mass.) 


Electronic Business Machines, Edited 
by J. H. Leveson, 267 pp., $15.00 
Based on two courses of lectures 
given at Dundee Technical College, 
this work provides a study of corn- 
puters, their scope, characteristics, 
operations and application, and a re 
view of business problems from this 
viewpoint. (Order from Philosophi 
cal Library Inc., 15 East 40th Street 

New York 16, N.Y.) 

Electronic Processes in Solids, (Le« 
tures -by Pierre R. Aigrain pre 
pared by Roland J. Coelho and 
Gianni Ascarelli), 64 pp. 

The rather new thermodynamic ap- 

proach to transport theory and 

unique treatment of “hot electron” 
problems will interest physicists as 
well as those concerned with prac- 
tical applications; intended for those 
with calculus and wave mechanics 
background. (Order from the Tech 
hology Press, Massachusetts Insti 
tute of Technology, Cambridge 
Mass., or John Wiley & Sons, 440 
Fourth Ave., New York 16, N.Y.) 


The Exploration of Space, Edited by 
Robert Jastrow, 153 pp., $5.50. 
A comprehensive survey of the most 
recent developments in the space 
sciences includes descriptions of 
American space rockets, data on 
their payloads, estimated completion 
dates, suitability for specific lunar 
and planetary exploration missions 
Prominent scientists survey present 


- frontiers of space research, delineate 


major problems of the future. (Order 
from The Macmillan Company, 60 
Fifth Ave., New York 11, N.Y.) 


Photochemistry in the Liquid and 
Solid States, Edited by Lawrence 
J. Heidt, Robert S. Livingston, 
Eugene Rabinowitch, Farrington 
Daniels, 174 pp., $6.00. 

Based on symposium sponsored by 

the NAS and NRC, this book pre- 

sents principles of photochemistry 
storage; surveys field of photochem- 
ical reactions and requirements for 
reaction types which might prove 
useful for storing solar energy; dis- 
cusses basic research findings and 
areas for further research leading to 
use of sun as important source of 
energy. (Order from John Wiley & 
Sons, 440 Fourth Avenue, New York 
16, N.Y.) 








industry notes 





Servicing Computers From a 


One of the highlights of the big 
ISA exhibit in New York City was 
a demonstration by Daystrom’s 
Control Systems Division, showing 
how a computer control system 3,000 
miles away could be serviced right 
from the exhibit floor! 

Designed to provide immediate 
service to users and to reduce serv- 
ice calls by Daystrom’s engineers, 
the unique system can be used to 
modify existing programs or trouble- 
shoot faults by telephone. 

The Remote Servicing System 
console at the company’s show-booth 
was connected by telephone line 
to an operating computer control 
system at their headquarters in La 
Jolla, California to simulate a cus- 


Vacuum Controller 


A new, fully automatic vacuum 
controller, manufactured by Hast- 
ings-Raydist, Inc., features automat- 
ic reset of the control relay and con- 
tinuous reading throughout the en- 
tire range. Available in _ four 
ranges from 0.2 micron Hg to 200 
mm Hg absolute, the instrument is 
ideal for control of diffusion pumps, 
operation of solenoid valves, and 
for maintaining preset pressures by 
automatic start/stop of vacuum 
pumps 


integrator-Recorder 


A completely new strip-chart In- 
tegrating Recorder, featuring high 
speed, superior operational flexibil- 
ity, and the ability to provide ac- 
curate quantitative analysis of any 
variable depending on precise meas- 
urement and integration of a curve, 
was introduced by Texas Instru- 
ments at the ISA show in New York 

Counting rates, linear to +0.5% 
full scale, are available in five 
ranges to a maximum of 40,000 area 
counts per minute 

Oriented particularly toward gas 
chromatography applications, the 
new recorder has an_ integrator 
channel installed as a second chan- 
nel in a standard wide-grid, single- 
channel “servo/riter” potentiometric 
recorder. The “area trace” and sig- 
nal trace are recorded simultane- 
ously. 


tomer’s plant. Operated  experi- 
mentally for a year, the system 
basically consists of a master con- 
sole employing an input keyboard, 
a set of lights, and an output type- 
writer together with a field-located 
unit connected to a computer. By 
manipulation of the keyboard, the 
computer can be instructed to show 
how any section of the system is 
operating at a given moment. The 
configuration of lights will indicate 
how each register reacts to sample 
trouble-shooting programs, or whe- 
ther they are operating correctly 
under a revised program 

If the operator in a customer’s 
plant found a malfunction, he would 
call La Jolla where the master con- 


Fast A/D Converter 


An electronic converter that pours 
out 2.5-million samples of informa- 
tion per second (about 50 timés 
faster than any similar unit on the 
market) gives scientists a _ basic 
starting tool with which to keep 
pace with the speedy electronic 
systems being developed. 

Less than a cubic foot in size, the 
Raytheon-developed unit converts 
an analog or continuous signal into 
digital or number form for process- 
ing by a digital computer. Accuracy 
is 0.5% full scale 

Raytheon engineers claim this new 
converter is only a starting point 
As soon as system designers catch 
up with the 2.5-million capacity, 
newer units can be designed to han- 
dle 10-million samples per second! 


Dynamic Analyzer 


Burns and Roe, Inc. has been 
retained by Minneapolis-Honeywell 
to design and install support facil- 
ities for a dynamic analyzer at 
Wright-Patterson AFB, Dayton, 
Ohio. Designed for an advanced re- 
connaissance system, the analyzer 
will simulate flight conditions from 
sea level to orbital altitudes. Thus 
it will permit laboratory study of 
how reconnaissance equipment is 
affected by buffeting, vibration, 
pitch, yaw, and roll of the aero- 
space vehicle 


Distance 


sole normally will be based. He 
would explain his problem to one 
of three experts who will man the 
console 24 hours a day 


After the plant operator cuts his 
system into the telephone line and 
rons off his program, the expert 
would study the copy, find the 
trouble, and punch a correction tape 
for transmittal to the plant console 
for insertion at the proper point. 


The new service, offered at a 
nominal fee, virtually will provide 
each system user with his own pro- 
gramer, engineer - trouble - shooter, 
and designer—always available for 
immediate action. 


Flaw Detector 


An electronic “watchdog” with 
the ability to spot flaws smaller 
than a match-head as it scans paper 
stock moving at 1000 fpm was intro- 
duced recently by RCA. 

By monitoring the light reflected 
from the paper’s surface, the sys- 
tem keeps its electronic eye open 
for smudges, creases, or wrinkles 
which may impair subsequent print- 
ing, as well as for defects in gloss 
The detector can be used in both 
roll and sheet production to classify 


paper as “firsts’’, “seconds”, or “re- 
jects”. 


Liquid-Leve! Control 


Combining the familiar bubble- 
tube method of measuring level 
with Rotax electrical control, Fox- 
boro now offers a “packaged” con- 
trol unit for use in_ industrial 
processing and in water or sewage 
treatment plants. 

The instrument is simple to in- 
stall, even in inaccessible reservoirs 
and underground tanks; presents no 
cleaning or servicing problems; and 
boasts +0.5% accuracy in ranges 
from 0-10” HeO to 0-10’ HeO 

Controller constituents include a 
compressor, purge rotameter, dia- 
phragm pressure element, damping 
restrictor, Rotax contacts, plug-in 
relays, and pump sequencing relay 
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New Sales Offices 


New laboratory facilities for ul- 

isonic delay line development at 
the Coraing Electronic Components 
plant, Bradford, Pa., will more than 
triple developmental capability of 
the glass works department 

Establishment of a national sales 


organization is under 
Computer Division, 


ana service 
way by the 
Clary Corp. 


Applied Electronics Corp. has 
opened a new West Coast sales and 
service office in Los Angeles. 


Fully equipped and staffed facil- 
ities for field consultation and main- 


tenance service on a contractual ba- 


Coffee With a Bang! 


Components Navy’s 
new nuclear submarines are tested 
extensively for Even 
coffee-urns must withstand the 
heavy shock of depth charges with- 
out shattering and turning broken 
projectiles that ht 


aboard the 


ruggedness. 


parts into might 
endanger crew members 

Barry Controls at Watertown 
Massachusetts recently shock-tested 
one of these coffee urns manufac 
tured by the L. L. Rowe Company 
of Boston. The urn, which operated 
under a 2'-psi pressure 
during testing, was subjected to a 
2000 foot-pound impact in each o 
the three axes 

The urn passed with flying colors 
As a matter of fact, it went righ 
on making coffee, even while sus- 
taining the sledge-hammer blows 
of the 400-pound drop hammer! 

Could it be said that it was 
“strong” coffee? 


steam 


Load Calibration 


A new hydraulic jack, capable of 
applying and maintaining the pre- 
cise loads necessary to calibration 
techniques, is available from More- 
house Machine Company. It features 
a pump having a time-saving, two- 
speed piston. A large piston in the 
pump operates until the pressure 
reaches 750 psi; then a smaller pis- 
effective, generating 

of force with 
irrangement en- 


ton becomes 
smaller increments 
each stroke. This 
ables the ram of the jack to be 
advanced quite rapidly until cali- 
bration loads are approached 

The pump also contains an auxili- 
ary screw piston for applying mi- 
nute increments of force as well 
as maintaining a 
over long time periods 

The jack is available in capacities 
of 10-, 30-, 60-, and 100-thousand 
pounds 


consistent load 
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sis have been established in the new 
Ingelwood, Cal. office of Data-Con- 
trol Systems. 


The Midwest branch factory and 
offices of the Bristol Company have 
moved to enlarged quarters in sub 
urban Melrose Park, III. 


New Eastern sales offices provid- 
ing service with the entire Minia 
ture-Environmental Connector Se 
ries, have been established by the 
Deutsch Company. 


RCA Electronic Data Processing 
Division has opened a branch office 
in Hartford to function as sales of 
fice and customer training and 
service center 


Midwestern sales and _= service 
headquarters for Scientific and 


Rechargeabie Cells 


A versatile selection of compact, 
rechargeavle, sealed nickel-cadmium 
cells and batteries has been intro 
duced by Burgess Battery Company 
Hermetically sealed, the new unit 
represent a major advance in sec 
ondary battery technology by elim 
inating routine maintenance and the 
addition of liquids required by 
earlier types 

Eight sizes of individual cells and 
a line of multiple-cell batteries ar¢ 
available. Individual cells, rated at 
1.25 volts, include six button-type 
units from 0.4” diameter to slightly 
larger than a silver dollar 

Development of a unique, con 
ductive, silver-wax intercell con 
nection permits cells to be connected 
in series merely by stacking them 
in a column. 

Recharging (either slow or fast) 
restores the batteries to peak oper- 
ating efficiency hundreds of times 


Manager By Choice 


Management offers more oppor- 
tunities to advance than engineer- 
ing work, according to 87% of the 
engineers, scientists, and technical 


executives who participated in a 
survey designed to find out what 
motivates the technical man 

About 75% of the more than 
300 men _ returning questionnaires 
held what might be called middle 
management positions 

More than 95% had at least one 
college degree: 20% had a master’s: 
and 20% had a doctor’s. The average 
man was at his third job, and had 
been there about 8 years. His total 
professional experience was about 
15 years. 

Salaries of the participants ranged 
from -$6,000 to $44,000; the median 
salary was $14,200 a year 


Process Instruments Division, Beck- 
man Instruments, have been trans- 
ferred to expanded facilities in 
Lincolnwood, III 


ASM Dedicates 
New Headquarters 


Dedication of the new 
headquarters of the American So- 
clety tor Metals took place recently 
in Metals Park, Novelty, Ohio 

Walter Crafts, president of ASM, 
presided over the dedication of the 
new building, called a “showcase 
Highlights of the cere- 
mony were addresses by Dr. Clyde 
Williams and Dr. Zay Jeffries, and 
placement of a time capsule con- 
taining nearly a pound of uraniun 


national 


of metals” 


metal 


Gas Chromatograph 


A new gas chromatograph, using 
tape programing to achieve preci- 
sion and flexibility in automatic 
process control, has been developed 
by Mine Safety Appliances Co 

To attain any combination of time 
and sequence required in_ proces 
chromatography, the instrument em- 
ploys a motor-driven transparent 
film and a photoelectric transmitter 
receiver. The film is programed by 
graphite markings spaced to inter- 
rupt the photo-electric beam, there- 
by effecting such desired sequences 
as peak selection, range sensitivity 
valve actuation, automatic detector- 
cell zeroing, and visual readout 

Accuracy of the tape-programed 
timing reported to be 
greater than conventional mechan- 
ical cam timers. Repeatability ap- 
proache 1/10 second 


system Is 


Process Computer 


The completely transistorized, 
versatile Libratrol-1000 computer 
developed by Librascope Division of 
General Precision Inc., is adaptable 
to the entire range of process control 
operations including: 1. basic data 
gathering and processing, 2. use of 
computer-derived data to direct op- 
erator control of the process, and 
3. complete automatic direction and 
control of the process 

Developed to fulfill the require- 
ments of process control in such in- 
dustries as steel, chemicals, petrol- 
eum, and atomic energy, the systen 
operates in a serial, binary mode 
and features an 8000-word memory 
plus new concepts in data placement 
and recovery 

If certain performance factors are 
designed into the computer, it can 
exercise control over processes and, 
between control cycles, can analyze 
other complex operations 
and make statistical evaluations 


pre cess 








> 
IABOAY 


STABILFLO 


VALVE 


Now Foxboro gives you extra-high power 
plus long stroke...in one control valve motor 


AT 
pneumatic valve motor designed specifically 
Butterfly, 
the new Fox- 


LAST —a “fail-safe,” spring-opposed ship between input signal and valve stem 





position . weatherproof construction . 


for larger size control valves. selection of air-to-lift or air-to-close action. 


Saunders, Stabilflo* valves You’ll want to know more about this motor 


boro “160” motor is designed for them all. 
In most cases, it replaces expensive pneu- 
matic cylinder operators and positioners. 


Ask your nearby Foxboro Field Engineet 
for full details or write for Bulletin 5C-17. 
The Foxboro Company, 3410 Neponset 





linear relation- Avenue, Foxboro, Mass. *Reg. U.S. Pat. Off 


OX BORO 


REG US PAT OFF 
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1% to 4-inch stroke preformed 


BIG 160 SQ. IN 


hragm maintains 


dia 
essentially constant 





area throughout the stroke 
a linear relationship between 
it signal and valve stem position 
precise positioning of the stem for 


] 


every signal chanee 








new literature 











Accelerometers 

Features, applications, specifications of 
angular servo accelerometers are included 
in brochure; used for control and meas 
urement of missile, aircraft flight dy 


namics; structural analysis of induced 
angular acceleration, monitor and con 
trol of servo systems, closing loop in 
inertial guidance systems. Donner Scien 


CIRCLI NO. 401 


tific Company 


Gage Pressure Transducer 

New specification sheet contains latest 
information on gage pressure transducer 
which incorporates Bourcon tube as pres 
sure sensing element; miniature size, com 
pact configuration permit its use where 
space is at premium. Bourns, Inc. NO. 402 


Digital Subtractor 

New series of transistorized subtractors 
designed to determine arithmetical dif 
ference between 2 inputs and _ provide 
voltage level outputs suitable for driving 
lamp banks or mercury relays, are de 
scribed in product specification #A20 


Datex Corp CIRCLE NO. 403 


Meter Relays 

Data sheet discusses new line of front 
adjustable meter relays which have dual 
adjust contact arrangement and external 
magnet meter movement; used in ovet 
or under voltage indicators, alarm systems, 
automatic sort devices, low level switch 
ing. Simpson Electric Co NO. 404 


Gaging Instrumentation 
Publication of first product brochure 
on gaging instrumentation describes sys 
tems, components available for continu 
ous indicating and monitoring of minute 
changes in dimensions for control usages 
Catalog # G-100. Measurement Control 
CIRCLE NO. 405 


Devices 


Telemetering Papers 
Copies of any of 5 papers presented 
by Epsco personnel at May National Tele 
metering Conference available: “PCM 
Synchronization”, 11 pp; “Universal Com 
puter Language Recordet A General 
Tool for Telemetering Data Handling”, 
15 pp; “Data Transmission for Industry”, 
11 pp; “Instrumentation System for Psy 
chophysiological Studies”, 9 pp; “Portable 
Data Handling System”, 3 pp. Epsco 
CIRCLE NO. 406 
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Environmental Testing 

Latest data on environmental testing, 
other applications for controlled atmos- 
pheric conditions is subject of new $2- 
page brochure #600; pictorial chart sum- 
marizes latest known data at altitudes 


from sea level up to 2 million ft.; other 
charts give technical information on at 
mosphere, temperature, humidity. Weber 
Manufacturing Co., Ine NO. 407 


Temperature Regulators 
New 16-page bulletin 3502 discusses 
f several 


design, operation, applications ¢ 
types of self-contained temperature regu 
lators; capacity charts and tables included 
for easy valve sizing, over-all general 


usage. Warren Engineering Co NO. 408 


Potentiometers 

3 new technical bulletins describing pre 
cision potentiometer series, are complete 
with mechanical, electrical, environmental 
physical, and general specifications; in 
clude descriptions of design considera 
tions of units: series #1200, #1300 and 
#3200. Duncan Elect) onics Inc NO. 409 


Hygrometer Cell 

Application data sheet #FH 5033 dis 
cusses electrolytic hvgrometer cell which 
measures moisture content in hydrogen 
streams; removes and electrolyzes most of 
water from hydrogen gas streams with 


insignificant amount of recombination 


Beckman Instruments, In¢ NO. 410 
Gravitometer 
Sinclair neo 35090 continuous “on 


line” recording gravitometer discussed in 

19-page booklet #314, measures specific 

gravity of flowing liquids from within 

40° API range 

operation, maintenance, photos, graphs 

charts are included. Central Scientific Co 
CIRCLE NO. 411 


Applications, installation 


Dynamic Digital Logic 
Conference Proceedings 

Just published, 72-page booklet records 
proceedings of the First Conference on 
Dynamic Digital Logic held recently. Pa 
pers report new and interesting applica- 
tions of transistorized dynamic digital 
circuits, their versatility, future possibili 
ties. Single copies available free. Com- 
puter Control Company. 


CIRCLE NO. 412 


Indicators 
4-page 
describes new indicators and indicating 


specification sheet #HFS-301-9 
control stations which continuously indi 
cate, record standard 4-20 ma d-c output 
units contain integral transistorized power 
supply making possible true 2-wire trans 
missions from field mounted devices; con 
troller specifications, dimensions included 
Minneapolis-Honeywell NO. 413 


Synchronous Motors 

Use of synchronous motors as d-c step 
ping motors is discussed; stepping princi 
ples ot permanent-magnet type motors 
graphically illustrated; contains diagrams 
characteristics charts. Su 
CIRCLE NO. 414 


speed-torque 
perior Electric Co 


Power Supply Ratings 

The output range of medium voltage 
d-c power supplies has been extended to 
cover 0-125 vdc; operate from 117 vac 
60 cycles, single phase source; available in 
capacities of 2.5, 5, 10 and 20 amperes 
fully described in new bulletin #204 A 
Opad Electric Co CIRCLE NO. 415 


Pyrometers 

Data sheets cover principles, applica 
tions of special types of pyrometers for 
flame and gas temperature measurements 


above 3000°F; do not use thermocouples 


are free from problems of atmosphere 


limitations, calibration drift, short life 
Atlantic Pvyrometers, Inc. NO. 416 


Scanner Relay 
Bulletin #PE-5 gives details on photo 
electric scanner relay that provides ad 
justable time delay between changing of 
light; suitable for light or dark operation; 
photos, dimensions, applications, adjust 
Farmer Electric Products 
CIRCLE NO. 417 


ment included 
Company 


Silica Monitor Chart 


Analyzer prevents dangerous silica con 
centrations in effluent water of deminer 
“early 


alizer systems through warning 


chemical analysis which provie con 
tinuous recording of silica concentration 
down to one part per billion. Chart, re 
printed from actual recording of silica 
breakthrough during operation of de 
mineralizer train is available. Technicon 
Controls, Inc. 
CIRCLE NO. 418 
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e(N CONCEPT IN 
PROFESSIONAL JOB 
at LECT ' 0 K Now technical tests enable 


you to calculate your probability 
for success at LMED-—in 1 hour 


at your own home! 








BY GENERAL ELECTRIC’S LIGHT MILITARY ELECTRONICS DEPARTMENT 


_ If you've been thinking of changing 

{ your job some day —or in the near 

* future—but have hesitated because 
of the many uncertainties involved, 
Light Military’s new concept in 
professional job selection will be 
of paramount interest to you. 


What is it? 


The new concept is based on a series 
of technical tests developed and pre- 
tested by Light Military engineers. 
They are designed to be taken, scored 
and evaluated by the individual 
engineer, all in the privacy of his own 
home. And, because the sole purpose 
is to provide you with a novel, objec- 
tive means for self-appraisal, your 
score need not be divulged to us at 
any time. 


Facts 
about the tests 





1 Each technical test is com- 
posed of 40 multiple choice 
questions. 


To find answers for some 

questions, mathematics is 
involved — but only to the de- 
gree normally associated with 
the work. 


The “mix” of questions in- 

cludes some easy ones, 
some bordering on the state of 
the art. 


4 None of our engineers 
achieved a perfect score. 


5 The test for Engineering Ad- 

ministration is psychologi- 
cal, designed to reveal aptitudes 
and abilities most often found 
in good engineering managers 
or administrators. 


Here's how it works: 


First, fill out the coupon below and 
check off the tests which apply to your 
training and professional experience. 
Forward the completed coupon to us 
and in a few days you will receive the 
tests, a sealed answer sheet and ex- 
planatory material. 


During a convenient hour at home, 
take the test and score it with the 
answer sheet provided. Then, compare 
your performance with the criterion 
group composed of Light Military 
engineers at all levels who took the 
same test. In most cases you will be 
able to relate your score to years of 
experience, from 2 to more than 10. 


What it measures: 
If your adjusted score is equal to, or 
more than the years of experience you 


MAIL THIS COUPON FOR YOUR TESTS 
ad a eet 


Mr. R. Bach 


Light Military Electronics Dept. 


possess, the probability is excellent 
that a significant community of tech- 
nical interest exists between you and 
The Light Military Department. In 
addition, a valid assumption can be 
made that a high probability for suc- 
cess awaits you here. And remember, 
your score need not be divulged to us 
at any time; it is for your own guid- 
ance exclusively! 


CURRENT AREAS OF ACTIVITY 
AT THE LIGHT MILITARY DEPT. 


SPACE COMMUNICATIONS & TELEMETRY ¢ 
MISSILE & SATELLITE COMPUTERS « SPACE 
VEHICLE GUIDANCE « UNDERSEA WARFARE 
SYSTEMS « THERMOPLASTIC DATA STORAGE 
* SPACE DETECTION & SURVEILLANCE e¢ 
COMMAND GUIDANCE & INSTRUMENTATION 
e INFRARED MISSILE APPLICATIONS 


General Electric Company, French Road, Utica, New York 


Please send me tests (limited to 2 


subjects per individual) answer 


and self-evaluation sheets covering the areas checked: 


[] RADAR [] MICROWAVE [7] ELECTRONIC PACKAGING (ME) 
(] COMMUNICATIONS [7] ADMINISTRATIVE ENGINEERING 


NAME 





HOME ADDRESS_—_ 


—___HOME PHONE 








CITY. 


aS ee 





DEGREE(S). 


YEAR(S) RECEIVED 











EME EF 31D 
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LIGHT MILITARY ELECTRONICS DEPARTMENT 


GENERAL @@ ELECTRIC 





Small, Lightweight 


MERCOID 


PRESSURE 
ee) Tite) i 


for 
Instrument Air 


Exclusive Features 


EXTERNAL ADJUSTMENT 
VISIBLE CALIBRATED DIAL 
VISIBLE SWITCH POSITION 

FOR PANEL OR PIPE MOUNTING 
SEALED MERCURY CONTACT 





ME C0 | ' 


CONTRO 


TYPE AP-153 





SWITCH DIFFERENTIAL 
With Pointer Set At 


‘ ADJUSTABLE 
OPERATING | 
RANGE | LOW | HIGH 


0 20 psig. 0.3 0.5 
0 30 psig. 


‘it 
it 


COMMON 


Provides aiy of following operations 


1. Single Pole—Cut-in high (close on 
rise) 


Single Pole—Cut-in low (open on 


rise) 


Single Pole—Double Throw 
OTHER TYPES AVAILABLE 


CASE: NEMA 1—Heavy gauge steel, 
cadmium plated. Steel cover (with 
glass front). 


WRITE FOR BULLETIN 02 


bi) 14.40) t ee) ite) e-wile), | 
4201 Belmont Ave., Chicago 41, Ill. 
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Solid Support 

Data sheet describes new perfluoro 
carbon solid support for gas chromato 
graphy; used in combination with several 
liquid gases, solid support eliminates tail 
ing in polar materials. F & M_ Scientific 


Corporation CIRCLE NO, 419 


Proximity Switch 

» Flver describes unique microsensitive 
transducer proximity switch; operating 
specifications, "capacity, size, applications 


included. Tanna Controls Co NO. 420 


Ground Support Equipment 

New 40-page brochure on ground sup 
port equipment for electronic systems 
outlines some of the newer developments 
in this field; fullv illustrated. Melpar, Ine 


CIRCLE NO. 421 


E.M.R. in Sarasota 


Panorama of Sarasota 72-page 1 


pro 

chure, discusses this Florida community 

and features Electro Mechanical Research 

Inc. as Sarasota’s largest industry. Pan 

orama Publications/Llovd Mader, Ine 
CIRCLE NO. 422 


Magnetic Core 

Data folders provide complete specifi 
cations for series of storage cores with 
wide range of characteristic; include phy 
applica 


sical magnetic characteristics 


tions. Telemeter Magnetics Inc NO. 423 


X-Ray Analysis 
20-page list of references spanning 1930 
1960 gives authors, titles, publications 
dates for 376 papers on X-ray analysis 
subjects. Philips Electronic Instruments 
CIRCLE NO. 424 


Transistor Testers 
New brochure describes two transistor 
test instruments; complete specifications 
schematic diagrams, applications included 
Hickok Electrical Instrument Co 
CIRCLE NO. 425 


Servodrive System 

Solid state subminiature servodrive sys 
tem highlighted in data sheet # T1005 has 
servoamplifier, precision gear train, high 
torque servodrive motor; block diagram 
graph, photos included. Solidtronics/ Ele¢ 


CIRCLE NO. 426 


trosolids ¢ orp 


Power Supplies 

6 new standard models of transistor 
ized power supplies for strain gages have 
continuously variable output ranges from 
0 to 30 volts and 0 to 200 milliamps at 
input of 117 volts (95-135) 60 eps. Wide 
range of adjustable voltages eliminates 
range control as part of bridge balance 
system. Computer Engineering Associates 


Incorporated CIRCLE NO. 427 


Flame Photometer 

New illustrated brocaure describes key 
points of direct reading tlame photom 
eter for both clinical and industrial ap 


plications. Schaar and Co NO. 428 


Oscilloscope Camera 

Data sheet on Type C-6 oscilloscope 
camera includes description, specifications 
ordering information tvpical writing rates 
and charts. Hathaway Instruments, Ine 


CIRCLE NO. 429 


Pulse Generator 
Bulletin PG760 describes unique tran 
sistorized pulse generator for use with 
transistorived circuits; applications, com 
plete specifications provided. Valor In 
CIRCLE NO. 430 


struments, Ine 


Aero/Space Transducers 

Catalog #21 on aeronautical and in 
dustrial transducers, translators, clectronic 
systems features full-color illustrations 
applications. Crescent Engineering & Re 


CIRCLE NO. 451 


search Company 


Gas Driven Gyro 


Product) Data sheet 


116-10) describes 
series of instant starting, low-drift, rugged 
gas-driven gyros; engineering data, block 
diagram, graphs included Lear, Inc 


CIRCLE NO. 482 


Tube Fitting 

Data Sheet 4522A-11 describes tube 
fittings in stainless steel for corrosion 
resistant service; block diagram, assembly 


Parker-Hannifin 
CIRCLE NO. 43838 


specifications included 


Corporation 


Electronic Scanner 

Klectronic scanner which automatically 
monitors trom & to 256 on/ott or go/no-go 
input signals and provides alarm or con 
trol functions at remote locations is de 
scribed in application s’veets. Moore As 


sociates, Incorporated CIRCLE NO. 434 








Make speedier checks of recorders, control- 
lers and base or noble metal thermocouples 
in industrial plants with the new three-dial 
8686 Portable Millivolt Potentiometer. Fea- 
tures such as a central reading window... 
where measured values appear as a row of 
digits with a scale interpolation ... simplify 
calibration of thermocouples and test meas- 
urements. The 8686 Potentiometer has: a 
wide operating range of —10.0 to +100.1 
mv and +1010 to +1020 mv for standard 
cell calibration; and a high accuracy of 
+(0.05% of reading +3uv) without refer- 
ence junction compensation, +(0.05% of 
reading + 6 uv) with ref. jct. comp. Write 
for Data Sheet E-33(1A). 


8686 Millivolt 

Potentiometer 
8690 Millivolt 
Potentiometer 


Fast, accurate in-plant check- 
ing of thermocouples, record- 
ers and controllers is expe- 
dited by the new 8690 Port- 
able Millivolt Potentiometer. 
Design features such as “In- 
line Readout”, which permit 
measured values to be read in 
digits with a scale interpola- 
tion, accelerate temperature 
measurements. The 8690 pro- 
vides a wide range of —11.0 to 
+101.0 mv which eliminates 
input reversals; an accuracy 
of +(0.05% of reading + 20 
uv) without reference junc- 
tion compensation, + (0.05% 
of reading + 40 uv) with 
ref. jct. comp. Write for Data 
Sheet E-33(1B). 


4 time-saving 


instruments from the 


CONVENIENCE-STYLED 


L&N LINE... 
8692 and 8693 
Temperature 
Potentiometers 


If you want to make a variety 
of temperature measurments f 

quickly with one flexible 

instrument, investigate the Need a_ fast-operating, high-sensitivity, 
new time-saving 8692 Single- high-quality null indicator for use in re- 
Range or 8693 Double-Range search, testing and production checking? 
Temperature Potentiometers. Here’s a new 9834 Guarded D-C Null Detec- 
Available in any of 24 inter- 


tor having a short period of less than two 
changeable temperature and seconds for source resistances up to 1000 
ohms, increasing to 4 seconds at 100,000 
ohms .. . ideal for measurements with 
guarded or unguarded potentiometers and 
bridges. Of rugged construction, this port- 
able, line-operated detector provides nu- 
merous convenience features which include 
four degrees of sensitivity, with a basic 
sensitivity of 0.2 uv/mm (0.3 pv/scale div.), 
and a noise level of less than +0.1 pv. 
Write for Data Sheet ED7(2). 


millivolt ranges, these instru- 
ments read directly in degrees 
F or C on a scale 27'2” long. 
Convenience features include: 
simplified range changes... 
only a screwdriver is needed 
to change a circuit panel, 
seale and binding post studs; 
automatic reference junction 
compensation reference 
coil, built into circuit panel, 
compensates for thermocouple 
being used; accuracy ° 
+0.2% of range. Write for 
Data Sheet ND42-33(1A). 


LEEDS NORT 


4929 Stenton Ave Philad 


9834 Guarded 
D-C Null Detector 


» 44, F 
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AUTOMATIC 


iin <—— — 


Pneumatic Temperature 
Free Wall Ch 
PRESSURE Sue wee RECORDERS 


‘Sources of Measurement Erro1 wall 


Lj —] Blea sie), chart prepared by leading gaging author 


ities shows: factors producing measure 











Most versatile and useful 


ment error; methods of avoiding these 
errors; required gage accuracy vs. part 
tolerance; how to get the most accuracy because... 
out of gages; simple experiments to train 
new inspectors. Cleveland Instrument Co 


CIRCLE NO. 435 


Control Tape 

New data sheet #1313 describes control 
tape for machine tool control, data pro 
cessing applications; physical properties 
specifications outlined. National Vulcan 


with : ized Fibre Co CIRCLE NO. 436 
New “Mite” 71 


Pressure Instruments 

Complete line of pressure instruments Pony owners 
described and illustrated in new bulletin — — 
#40; measuring mechanisms, indicators, ’ 
recorders, transmitting devices included 6. THEY RE PORTABLE AND 
Bailey Meter Co CIRCLE NO. 437 


ee 


The “MITE” 71 can be easily field- 


changed, without special tools, from 
High-to-Low or Low-to-High signal iV -R N 


selection. Hysteresis-free diaphragm 
assures rapid switch-over at mini- 
mum pressure differential. 


Air Sampler 
Bulletin describes operation, uses of 
new portable battery-operated air sam- | Nine plug-in elements adapt 
© Rugged, simple construction pler; includes table of various filter pa this G-11A thermocouple re 
5 vers user for sample collection, illustra = 
© One free-floating part k nF 7 . corder to any range —cold as 
tions, prices, model specifications. Gelman liquid nitrogen, hot as 2200°F 
@ Overall Dimensions — Instrument Co CIRCLE NO. 438 ati © +n DON°F 
ag inden or as specific as 30° to 220°F 
2%” dia. X 2%” long : 
. Being portable, it goes wher 
© Connections — %4” NPT ever there’s temperature to 


SELECTING HIGH SIGNAL measure — research in the lab, 
HIGH LOW LOW HIGH Temperature Probes a 
checkout in the factory, or 


Catalog #66030 contains illustrations, . 
, y, 8 ; troubleshooting in the field 
‘ specifications, descriptive material on pre 
- cise platinum temperature transducers; 
) s The tempe ire ywderisa 
{ 16 «different aerodynamic, immersion and 
Variar ] 2 input assis 
4 surface temperature types included. Rose vh bees reference 
| st J 


mount Engineering Co NO. 439 


SELECTING LOW SIGNAL 
HIGH LOW LOW HIGH 


Sorptometer 
Bulletin describes sorptometer which is 
designed for any application where rapid 
accurate measurement ot surtace areas ol 
solids or other absorption phenomena is 
For detailed information on the required, Perkin-Elmer Corp NO. 440 


“MITE” Series, contact 


GEORGE W. 


Dy-% H J Frequency Converter 
Iwo-color data sheet offers detailed VARI AN 


COMPANY, IN Cc. technical data on fully transistorized fre associates 


quency converter designed for use with 

86 TUPELO STREET 
BRISTOL, RHODE ISLAND other 
Clifford 3-9500 downward to 10 kc; extremely high accur 
bag gg Bg acy; specifications, block diagram, com 
AIRCRAFT AND MARINE INDUSTRIES plete circuit description Gertsch Products 
CIRCLE NO. 104 ON PAGE 110 Incorporated CIRCLE NO. 441 CIRCLE NO. 105 ON PAGE 110 


meters to extend frequency range 
sie ies I 5 PALO ALTO 24, CALIFORNIA 
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D-C Amplifier 

Technical bulletin #P2 discusses solid 
state differential operational amplifier 
with inputs designed for applications far 
beyond analog computing: high reliabil- 
ity process control, electrometer applica 
tions, and instrumentation; specifications, 
characteristics included. George A. Phil- 
brick Researches, Inc CIRCLE NO. 442 


Automatic Gradient 

New brochure describes instrument 
which produces any gradient of pH o1 
concentration for eluting a chromato 
graphic column; performance charts, de 
sign, construction features included. Tech 
nicon Chromatography Corp NO. 443 


Magnetic Gage 
New 2-color catalog # 
tures, models, construction data of liquid 


BRR covers fea 


level gages designed for use where glass 

and its gaskets cannot be tolerated and 

where sealed container for liquid is pre 

ferable. Jerguson Gage & Valve Co 
CIRCLE NO. 444 


Extruder Measurement 

New 12-page brochure #PL-560 de 
scribes methods of measuring and auto 
matically controlling 3 significant thick 
ness variables of extruded plastic mater 
als—long-term, short-term machine direc 
tion variations and profile variations, and 
how to reduce them to a minimum. In 
dustrial Nucleonics Corp. NO. 445 


Printed Circuit Relays 
New relays, designed for printed circuit 
application, have only one moving part; 
preadjusted contacts in armature assembly 
make direct contact to conductors on 
printer circuit board. Executone Inc 
CIRCLE NO. 446 


Decade Resistors Capacitors 

New c-I8 catalog sheet on decade re 
sistors and decade capacitors contains 
detailed information, revised specifica 
tions for all ESI standard units, plus data 
on new RS-925 four-terminal resistance 
standard. Electro Scientific Industries 

CIRCLE NO. 447 


Strain Indicator 

New bulletin #360 on portable strain 
indicator describes unique circuit design 
which eliminates time consuming opera 
tions normally involved in phase balanc 
ing to compensate for distributed capacity 
in lead wires; photos, specifications, appli 
cations. Strainsert/Polyphase Instrument 
Company CIRCLE NO, 448 


STABILITY WITH TIME 


For long-term stable 0.0. Reference Voltages use 


MUIRHEAD 


STANDARD REFERENCE 
CELLS = CELLS 














They are Stable, Reliable, Robust, Repeatable—and the price is right 
Saturated and Unsaturated types for industrial or academic purposes 


Write for Publications 425 & 430 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York 17, N.Y. U.S.A. 
Telephone ; Murray Hill 2-8/31 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada Telephones: 3717 & 3718 
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England Telephone: Beckenham 4888 





, CIRCLE NO. 106 ON PAGE 110 





Let others know you belong to ISA! 


Let your associates ... and your boss .. know you're 
a@ member of ISA, the only Society exclusively devoted to 
advancing instrumentation. 

Hundreds of these attractive pins have been purchased 
by your colleagues. Clips easily to lapel. Gold-plated finish 
PRICE $2.00 


Also available as tie clasp and chain. PRICE $5.00 
ISA Pin 














ISA CERTIFICATE 


Gain recognition by dis- 
| playing an ISA Member- 
John Doe | ship Certificate in your 


office or den 


3ustrument Society of America 





Includes hand-letter- 
ing of name and grade 
enclosed in attractive 
leatherette holder. 

8 orpemuaiven for advamcrag the arts and xsewce: related te the theory, | No framing neces- 


dewge, maounfacture and ust of retrwment and control 
ye the wrens creme and tecbwelegres sary. Transparent cov- 


ering guarantees long 
Ralph W Tune use. Measures 8-1/2” 
x 11”. PRICE $1.00 


























ae ee 
OC Please send me ISA pin for $2.00 
Please send me ISA pin as tle clasp & chain fer $5.00 
© Please send me ISA Membership Certificate & holder for $).00 
| wish my name to appear as fellows: == 
EEE hlhlLlUrllrlrllhlhllhllU 


Address___ City 


| enclose check 0 money order 0 for $. — . eS 
INSTRUMENT SOCIETY of AMERICA @ 313 Sixth Avenue, Pittsburgh 22, Pa. 
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AUTOMATIC 


TT «oe 


Pneumatic 
ad 3 4 —t—-}-1 01 4 


SELECTION 


with 
New “Mite” 71 


The “MITE” 71 can be easily field- 
changed, without special tools, from 
High-to-Low or Low-to-High signal 
selection. Hysteresis-free diaphragm 
assures rapid switch-over at mini- 
mum pressure differential. 


@ Rugged, simple construction 
@ One free-floating part 
@ Overall Dimensions — 
2%” dia. X 2%” long 
Connections — %” NPT 


SELECTING HIGH SIGNAL 
HIGH LOW LOW HIGH 


SELECTING LOW SIGNAL 
HIGH LOW LOW HIGH 


“i 


For detailed information on the 
“MITE" Series, contact 


GEORGE W. 


1Dy-S > OF 


COMPANY, INC. 


86 TUPELO STREET 
BRISTOL, RHODE ISLAND 
CLifford 3-9500 


VALVES AND CONTROLS FOR THE 
COMMUNICATIONS, PROCESS, 
AIRCRAFT AND MARINE INDUSTRIES 


CIRCLE NO. 104 ON PAGE 110 
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Free Wall Chart 


“Sources of Measurement Error” wall 
chart prepared by leading gaging author 
ities shows: factors producing measure 
ment error; methods of avoiding these 
errors; required gage accuracy vs. part 
tolerance; how to get the most accuracy 
out of gages; simple experiments to train 
new inspectors. Cleveland Instrument Co 


CIRCLE NO. 435 


Control Tape 

New data sheet #1313 describes control 
tape for machine tool control, data pro 
cessing applications; physical properties 
specifications outlined, National Vulcan 


ized Fibre Co CIRCLE NO. 436 


Pressure Instruments 

Complete line of pressure instruments 
described and illustrated in new bulletin 
#40; measuring mechanisms, indicators, 
recorders, transmitting devices included 
Bailey Meter Co CIRCLE NO. 437 


Air Sampler 

Bulletin describes operation, uses of 
new portable battery-operated air sam- 
pler; includes table of various filter pa- 
pers user for sample collection, illustra- 
tions, prices, model specifications. Gelman 


Instrument Co CIRCLE NO. 438 


Temperature Probes 

Catalog #66030 contains illustrations, 
specifications, descriptive material on pre 
cise platinum temperature transducers 
36 different aerodynamic, immersion and 
surface temperature types included. Rose 


mount Engineering Co NO. 439 


Sorptometer 

Bulletin describes sorptometer which is 
designed for any application where rapid 
accurate measurement ot surface areas ol 
solids or other absorption phenomena is 
required. Perkin-Elmer Corp NO. 440 


Frequency Converter 

Iwo-color data sheet offers detailed 
technical data on fully transistorized fre 
quency converter designed for use with 
other meters to extend frequency range 
downward to 10 ke; extremely high accut 
acy; specifications, block diagram, com 
plete circuit description. Gertsch Products 


Incorporated CIRCLE NO. 441 








VARIAN 
Temperature 


RECORDERS 


Most versatile and useful 


because. 


oO to 
270 F tie & 
———$<$<— 


6. THEY'RE PORTABLE AND 


MULTI-RANGE 


Nine plug-in elements adapt 
this G-11A thermocouple re 
corder to any range —cold as 
liquid nitrogen, hot as 2200°F, 
or as specific as 30° to 220°F 
Being portable, it goes wher 
ever there’s temperature to 


measure — research in the lab, 
checkout in the factory, or 
troubleshooting in the field 


The temperature recorder i } 


input chas 


associates 


PALO ALTO 24, CALIFORNIA 
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D-C Amplifier 

Technical bulletin #P2 discusses solid 
state differential operational amplifier 
with inputs designed for applications far 
beyond analog computing: high reliabil- 
ity process control, electrometer applica 
tions, and instrumentation; specifications, 
characteristics included. George A. Phil- 
brick Researches, Inc CIRCLE NO. 442 


Automatic Gradient 

New brochure describes instrument 
which produces any gradient of pH or 
concentration for eluting a chromato 
graphic column; performance charts, de 
sign, construction features included. Tech 
nicon Chromatography Corp NO. 448 


Magnetic Gage 

New 2-color catalog #388 covers fea 
tures, models, construction data of liquid 
level gages designed for use where glass 
and its gaskets cannot be tolerated and 
where sealed container for liquid is pre 
ferable. Jerguson Gage & Valve Co 

CIRCLE NO. 444 


Extruder Measurement 

New 12-page brochure #PL-560 de 
scribes methods of measuring and auto 
matically controlling 3 significant thick 
ness variables of extruded plastic mate: 
als—long-term, short-term machine direc 
tion variations and profile variations, and 
how to reduce them to a minimum. In 
dustrial Nucleonics Corp. NO. 445 


Printed Circuit Relays 
New relays, designed for printed circuit 
application, have only one moving part; 
preadjusted contacts in armature assembly 
make direct contact to conductors on 
printer circuit board. Executone Inc 
CIRCLE NO. 446 


Decade Resistors Capacitors 

New c-18 catalog sheet on decade re 
sistors and decade capacitors contains 
detailed information, revised specifica 
tions for all ESI standard units, plus data 
on new RS-925 four-terminal resistance 
standard. Electro Scientific Industries 

CIRCLE NO. 447 


Strain Indicator 

New bulletin #360 on portable strain 
indicator describes unique circuit design 
which eliminates time consuming opera 
tions normally involved in phase balanc 
ing to compensate for distributed capacity 
in lead wires; photos, specifications, appli 
cations. Strainsert/Polyphase Instrument 
Company CIRCLE NO. 448 


STABILITY WITH TIME 


For long-term stable D.C. Reference Voltages use 
MUIRHEAD 





STANDARD 7 REFERENCE 
CELLS | CELLS 


They are Stable, Reliable, Robust, Repeatable—and the price is right 
Saturated and Unsaturated types for industrial or academic purposes 


Write for Publications 425 & 430 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York 17, N.Y. U.S.A. 
Telephone : Murray Hil/ 2-813! 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada Telephones: 3717 & 3718 
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England Telephone: Beckenham 4888 
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Let others know you belong to ISA! 


Let your associates . . and your boss .. . know you're 
@ member of ISA, the only Society exclusively devoted to 
advancing instrumentation. 

Hundreds of these attractive pins have been purchased 
by your colleagues. Clips easily to lapel. Gold-plated finish 
PRICE $2.00 


Also available as tie clasp and chain. PRICE $5.00 
ISA Pin 














ISA CERTIFICATE 


Gain recognition by dis- 
] | playing an ISA Member- 
John Doe ship Certificate in your 


office or den 


Iustrument Soriety of America 





Includes hand-letter- 
ing of name and grade 
enclosed in attractive 
leatherette holder. 

0 orpemiasioos for advamrug the arti and xvewce related te the theory, | 
devge, mawnfacture and ust of restrumest: aed contre No framing neces 
ye he rarvems srrme ond tecbwolegra. | sary. Transparent cov- 
~ ering guarantees long 

+ > 
ROrk—ws Sou Ralph Tang use. Measures 8-1/2” 

| x 11”. PRICE $1.00 
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© Please send me ISA pin for $2.00 
Please send me ISA pin as tie clasp & chain fer $5.00 
Please send me ISA Membership Certificate & holder for $1.00 
| wish my name to appear as fellows: _.. =. ss 
_ Ee LULL 
Address - City ————e 


| enclose check 0 money order 0  , oa a 
INSTRUMENT SOCIETY ef AMERICA @ 313 Sixth Avenue, Pittsburgh 22, Pa. 
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YOU CAN DEPEND UPON PM 





Reina ae 


DIGITAL TEMPERATURE 
INDICATOR FOR 
THERMOCOUPLES 


Direct numerical readout in degrees with 
null-balance servo type instruments. 


PM model DCI-2 indicators feature ex- 
ceptional freedom from line voltage 
variations, servo amplifier gain 
changes and ambient temperature 
fluctuations. Also, they exhibit close 
follow-up of signals being measured. 
These features permit highly accurate 
measurements in laboratory, produc- 
tion and process applications. 

With an internal tapped slidewire, 
the indicators are linearized to com- 
pensate for non-linear thermocouple 
signals. Linear readout is direct... in 
decimal units. Thus, these instruments 
adapt easily to automatic recording of 
data with an encoded digital or analog 
output provided on special order. 

Modular construction and printed 
circuits standardize characteristics and 
simplify servicing. These instruments 
have been designed with reliability 
as a foremost require- 
ment. Use aan cath 41,375.00 
complete confidence. F.O.B. DETROIT 

FEATURES 
Instrument accuracy, +0.15% full scale 
Reads ail standard thermocouples 
Tapped slidewire for linear readout 
Digital readout 
One or two control switch points available 
Automatic cold junction compensation 
Available in panel, rack or bench mounting 


APPLICATIONS 
@ Processing 
@ Wherever accurate 


Production 
Laboratory 
Manufacturing 
Research urements are needed 


Also Available: 


DIGITAL TEMPERATURE INDICATORS 
FOR RESISTANCE THERMOMETERS 


temperature meas- 


PM produces instruments to measure: 
LOAD «+ THRUST « TORQUE « FLOW 
WEIGHT « TEMPERATURE « DISPLACEMENT 
VOLTAGE « PRESSURE with the highest 
accuracy aftainable in industrial and lab- 
orotory applications. 


PERFORMANCE 
MEASUREMENTS 
COMPANY 


15120 Third Ave. 
Detroit 3, Mich. 


CIRCLE NO. 107 ON PAGE 110 
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Powerhouse Data Handler 

New application data sheet #N-07 (2) 
describes 600 channel sequential data 
handling systems which monitor bearing 
boiler tube and condensate temperatures 
of a 290 megawatt boiler turbine genera 
tor unit; explanation and modes of op 
eration, specifications included. Leeds & 
Northrup Company CIRCLE NO. 449 


Chart Paper 
l4-page catalog lists replacement. strip 
chart papers for all makes, models of 
recorders with cross references to recordes 
manufacturers’ model numbers. Judson 
Bigelow Sales/Techni-Rite Electronics 
CIRCLE NO. 450 


Indicator 

Bulletin 21550A_) discusses phase s¢ 
quence indicator featuring 2-color mela 
mine panel with markings beneath sur 
face; new laminated process protects mark 
ings from scratching, marring, heat, oil 
common acids; conforms to MIL P-78A 
entirely self contained. Opad Electric Co 

CIRCLE NO. 451 


Plastic Lenses 
New plastic lens bulletin discusses ad 
vantages of plastic lenses; specifications 


included. Fostoria Corp NO. 452 


Engineering Briefs 

August issue of house organ, volume 
t, 214. discusses chemical analyzer, hy 
drogen purifier, metering ind diaphragm 
pumps. Milton Roy Co NO. 453 


Noise Monitor 
Il-page application note 
Monitoring of Radar Noise Figures”, ce 


scribes latest techniques; reviews theory 


Continuous 


of automatic noise figure measurements; 
outlines radar system requirements for 
integral noise figure meters. Hewlett 


Packard Company CIRCLE NO. 454 


Magnesium Military Cases 

New 24-page catalog G-60 lists thou 
sands of standard size boxes, covers, mag 
nesium military” transit/combination/in 
strument cases available without tooling 
charges; also various standard or custom 
accessories including shock mounting, en 
vironmental protection techniques. Zero 
Manufacturing Co CIRCLE NO. 455 





ENGINEERS 


Bausch & Lomb 


A firmly established giant in the 
optica ndustry this upstate New 
York corporation is rapidly expanding 
in electronic-mechanical systems work 
Emphasis lies in commercial analytica 
and scientific instrumentation with a 
healthy balance of research and de 
opment contracts for military pro 
look into these professiona 

nities with Bausch & Lomb 


porated 


PHYSICISTS 

Ph.D. or M.S. with experience and o 

nterest in the following Greas: vacuum 
nfra-red, analytica 


perform research n 


ELECTRICAL ENGINEERS 


B.S t S. desirab Three or 


more 


working without 


MECHANICAL ENGINEERS 


je able. Must have 


INSTRUMENT ENGINEERS 


Phy t w 2¢ Y e years exper 


OPTICAL ENGINEERS 


B.S. in Of M.E 


Pars experience 


hotogrammetr 


LIVE IN ROCHESTER 


Rochester ocated in the heart of 
» New York vacation coun 
noted for ts beautiful 
jardens, fine schools and 
outstanding cultural ad 


i high ratio of profes 


YOU ARE INVITED 


to forward your resume to H. A. Frye 


Professional Employment 


Bausch & Lomb 


15 Bausch Street 
Rochester 2, New York 








Water Treatment 
Instrumentation for Treatment of In 
Water 


scribes ivpical wate 


dustrial bulletin 2#B96-2) de 
treating SVS~CMmS 
iscd in processing industries, how instru 


makes systems operate etfici 


mentation 
ntly, economically, conservation of water 
through proper control instrumentation 
Minneapolis Honevwell Regulator Co 


CIRCLE NO. 456 


Magnetic Pickups 

Descriptive booklet on magnet pickups 
issists potential users of these self-generat 
ng input devices in- selecting pickup 


vst adapted to specilye needs 


selection 
ide chart, block diagrams, specifications 
ded Flectro Products Laboratories 


CIRCLE NO. 457 


Electronic Equipment 


170- page 1961 


catalog ol electron 


Uipment lists over 18,000 parts and 


quipments tor industrial maintenance 


production 


CIRCLE NO. 458 


esearch inal requirements 


ied Radio ¢ orp 


Crystal Case Relay 
Brochure describes new 
1 purpose 
suunting stvles included 
Westinghouse 
CIRCLE NO 


Needle Valves 
Bulletin #420 pro 
steel needle valve 
1\ SCIV Ice 
i neasturcmcnt 


American Meter Ce« 


Data Processing 
Reces published 
cessin includes toni 

00/7000) Systems 
Fducational and = Institt 
Manutactus 
Industrial LTrat 


d Casuality. Insurance 

Line Material Industries 

Statistics, and Space Computing Cen 

Single copies available IBM Corp 
CIRCLE NO 161 


Sludge Density Control 

How density of sludge in sewage treat 
ment plants is automatically and econom 
ically controlled is described in new bul 
letin ZSD-1; system employs gamma _ ra 
diation source and patented cell) which 
converts gamma radiation directly into 
clectric energy for density measurement 


control, Ohmart Corp. CIRCLE NO. 462 


NEW 726600 
GRAPHIC RECORDER 


-1 MV full scale 


* maximum signal source 
resistance: 50 K ohms 


Recorder prices start at $320.00 


Mode! JY-120 


You can measure 1/100th of a millivolt with this superior quality potentiometer 
recorder. Unit is extremely accurate (14% of span), and fast (14% second balance 
time). Step selection of ranges up to 10 V is provided by attenuator on front panel 


Standard features include a floating input with separate chassis ground 5 


chart width hum suppressor chopper stabilization changeable chart 
speeds. Write for Bulletin 


Model JY-10( 
Model JY-11¢ 
Model JY-12( 


$320.00 
$395.00 
$535.00 


10 MV fixed span 
10 MV to 100 V 
1 MV full scale 


OS eae, 
INSTRUMENTS, INC. 


; 638 West 17th St., Costa Mesa, Calif 
CIRCLE NO. 108 ON PACE 110 


Unusual and important opportunity for 


CHEMICAL PROCESS 
INSTRUMENTATION 
ENGINEER 


This is a Senior position involving creative design tech- 
niques in an unusual area of research and development in 
the electro-chemical energy conversion field. 

Mechanical,electronicorchemicalengineering background 
required, with 3 to 10 years’ experience in chemical or pilot 
process instrumentation and automation. Applications are 
desired from those engineers with a proven record of accom- 
plishments in this field. Please write to Mr. R. C. Birdsall, 
Lockheed Missiles and Space Division, Dept. |-24, 962 West 
El Camino Real, Sunnyvale, California. 

U.S. citizenship or existing Department of Defense indus- 
trial security clearance required. 


Lochheed 


MISSILES AND SPACE DIVISION 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA - HAWAII 


October 1960. Vol. 7. No. 10 





MODEL 


ea 
Tey, 


*, 2 
“anaes?” 


masnetie reluctance 
PRESSURE 
TRANSDUCER 


Ranges: | to 1,000 psi — Gage, Differ- 
ential or Absolute. 


Pressure Media: Corrosive liquids and 
gases, both sides. 


Insensitive to Shock and Vibration — 
Not oil filled. 


Withstands Extreme Overpressure. 


PACE's P21 Transducer (only 1 3/32” 
square) is miniaturized for missile, rock 
et and aircraft flight installations. 


ag \ O49 — 


engineering company 
13035 Saticoy Street 
North Hollywood, California 
TRiangle 7-7139 


CIRCLE NO. 109 ON PACE 110 


PROFESSIONAL 
LISTING 


Professional Listing and listing of consulting 
services (12 or 6 Times only) available in standard 
card size set uniform style 2-3/15 inches wide and 
1 inch deep 
12 times within 12-month period 

Cost per monthly insertion $9.00 
6 times within 6-month period 

Cost per monthly insertion $10.00 





RECORDING CHARTS 


TECHNICAL SALES CORPORATION 


189 Van Rensselaer St., Buffalo 10, New York 





CHARLES W. WORLEY 
Anatee Campeter Consultant 


z Cor 


athemat nod computer progra 
and operation nterpretation and reporting Pe 
P.O. Box 161 _— Tel: SHadyside 7-5338 

Red Bank, N. J 











LOOKING FOR A_ REPRESENTATIVE, 
WANT TO FILL A POSITION, LOOK- 
NG FOR A POSITION? Use classified 

ertising in the ISA JOURNAL. Se nd 
) Classified Department, 
Pittsburgh 


your py, ef 
ISA Journal, 313 Sixth Ave., 
ae, ve. 


106 ISA Journal 


new literature 





Miniature Tube Coupling 
Miniature coupling designed for flush 
mounting adaptable to test setups, panel 
boards, bulk heads, is described in bul 
letin #125; locking mechanism features 
fast, easy one-hand connecting or dis 
connecting of air supply lines. Perfecting 


CIRCLE NO. 463 


Service Company 


Instrument Catalog 

New 32-page general catalog has con 
cise descriptions of pressure transducers, 
accelerometers, load 


linear and angular 


cells, amplifiers, power supplies, bridge 
balances, strain gages and force displace 
Statham Instruments 


CIRCLE NO. 464 


ment transducers 


Incorporated 


Micro-Midget rgy 1tr 

Data sheet desc unutive, elec 
tro-mechanica pans ital new operat 
ing principle for printed circuit use; noise 
measurement 


\irpax Electronics NO. 465 


general characteristics in 


cluded 


Voltmeters/Anemometers 

Short form catalog #50 illustrates line 
ot aerodvnamic and random. signal in 
struments; includues hot-wire anemometer 
systems and probes, micromanometer, sta 
tic pressure probe, random signal volt 


meter and correlator. Flow Corp 


CIRCLE NO. 466 


Instrument Cases 

Colorful new brochure describes com 
prehensive line of instrument cases; sizes 
colors, standard hardware data included 
predesigned cases. TA Manu 
CIRCLE NO. 467 


on these 


facturing ¢ orp 


Spectrophotometer 

New performance and design specihica 
tions available on the infrared double 
beam recording spectrophotometer with 
iutomatic scan control, accelerated scan 
program for research and control. Baird 


Atomic, Inc CIRCLE NO. 468 


Memory Core Handler 

Fechnical bulletin #60-A describes at 
tomatl memory core handler a fully 
automatic production type memory core 
feeder which grades and sorts standard 80 
or 50 mil miniature ferrite cores at con 
tinuous operating speeds of over 16,000 
cores per hour. Rese Engineering, Fn¢ 


CIRCLE NO. 469 


TANKCMETER 


FOR MEASURING TANK CONTENTS 
ANY DISTANCE AWAY 


TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 





ANY 
LIQUID 














Also gauges for: 

Barometric Pressure (Mercury Column) 
Absolute Pressure (Mercury Column) 
Pressure and Vacuum 
Differential Pressure 
Inclined Manometers for draft, 
pressure or differential pressure. 


SEND FOR BULLETINS 
UEHLING INSTRUMENT CO. 
463 GETTY AVE., PATERSON,N. J. 
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MOTOROLA-Phoenix 
Immediate opportunities 
for ENGINEERS: 


In a new Industrial Department 
As senior members of a small gr 


Working with advanced solid state 
techniques for telemetry and process 
ontrol 


With excellent growth potential and 
profit-sharing security 


Mechanical Design Engineer Sk 
techniques of production design of 
electro-mechanical devices. Industrial ex 
perience preferred 


Transistor Circuit Design Engineer — Exper 
enced in design techniques of all types f 
transistor ircuits for economical produ 
Prefer experience in industrial area 
pertinent military experience will be 
considered 


Transducer Design Engineer — Responsibility 
for the production design of a new line ¢ 
transducers for industrial application. Thor 
oughly familiar with practical mechanica 
Jesign aspects of precision electro-mechan 
ical devices for measuring pressure, dif 
ferential pressure, temperature, et Per 
tinent experience ndustria r military 
will be considered 


Send complete resume to 


BOB WORCESTER 


Professional Personnel Representative 


MOTOROLA, INC. 


P.O. Box 1417, Scottsdale, Arizona 














classified 
advertising 


POSITIONS WANTED: 75c per line, mini- 
mum three lines. Box number counts as 
one line. Payable in advance. No dis- 
count 

POSITIONS OPEN, etc 
minimum three lines 
counts as one line 

50 characters and spaces per line 

DISPLAY AD (up to 412”): $14.00 per col- 
umn inch. Minimum 1 column inch 

Other size ads—standard ad rates apply 

Copy must reach the ISA Journal, Granite Bidg., 

313 Sixth Ave., Pittsburgh 22. Pa., not later than 

10th of month preceding date of publication 


$1.50 per line, 
Box number 





REPRESENTATIVES WANTED. Distributor of indus 
trial x-ray equipment. film, isotopes & supplies 
has exclusive territories available for reps in 
Indiana, Ohio, Wisconsin, Illinois, Michigan. RA 
DIATION EQUIPMENT CO., 469 E. OHIO, CHICAGO 
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n industrial application of strain gage 
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LOCATION 
travel required 
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Lou Larime, Sales Manager 
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CONFERENCE CALENDAR 





OCTOBER 1950 


October 10-12-—-National Electronics Con- 
Tl 


ference, Hotel Sherman, Chicago l 
ntact: Prof. Thomas F. Jones, NEC 
I ram Chairman, School f Elec 


I il Engineering, Purdue Unive 
Lafayette, Indiar 


October 12-14—4th Conference on Analyti- 
cal Chemistry in Nuclear Reactor 
Technology, Ist Conference on Nuclear 
Reactor Chemistry, Gatlinburg, Tenr 
Sponsor Oak Ridge National Lat 

Contact: C. D. Susano Oak Ridge Na 

tional Lat P. O. Box Y, Oak Ridge 


Tenn 

October 14-15—Revolution in High-Speed 
Photographic Processing, Washingtor 
D.C. Sponsor: Society of Photographi 
Scientists and Engineers Contact 
Sponsor 30x 1609, Main Post Office 
Washington, D.C 


October 17-19 Symposium on Adaptive 
Control ——- Garden City, N. Y¥ 
Sponsor: IRE. Contact: Harold Lever 
tein. W. L. Maxon Corp., 260 W 4t 
St., New York, N.Y 


October 19-21—Annual Meeting of Society 
for Experimental Stress Analysis, 


Berkeley, California. Sponsor SESA 

University of California, Contact R. F 

Steidel, Jr., General Chairman, SESA 

Unive y of California, Berkele + 
iit 


October 20-21—National Symposium on 
Hypervelocity Techniques, Denver 


Colorado. Sponsor IAS and Researc! 
Institute, University of Denver. Cor 
tact: Williar Harract Researce Ir 
titute, Unive t of De er » selene 
10, Col 


October 26-27—1960 Computer Applications 
Symposium, lorrison Hote Chicago 
Iilinoi Spo r: ARF. Contact: Rot 


October 27-28 1960 bes Devices Meet 
VM D.¢ 


ing, Shoreha ¢ Va n ” 
Sponsor GED. IRE. Contact: Dr. H 
W. Welch, Mot ) Inc., 8201 E. Me 
Dowell Rd Phoet ix, Arizona 

*% October 3l-November 2 13th Annual 


Conference on Electrical Techniques 
in Medicine and Biology. Sherat« 
Park Hotel, W ”Y D.C. Spo 

I IRE, ISA AIEE Contact: Dr. R 
I Bowmar National Heart Institute 


NOVEMBER 1960 


November 3-4—Ninth Annual Instru'men- 


tation Conference, Louisiana Polytec 
Institute, Rusto Louisiana. Spor 
School of Engineering, LPI. Cor 

ct: James W Malone, School of Er 
eerin Lk ar Polytechnic Ir 

titute Ruste Louisia 

November 3-4—Conference on Boeke: »- 
static Propulsion, Monterey lifo 
lia. Spor Ar ericar es So 
ety U.S.N Postgraduate Sx ) 

( tact: D 1 B. Langmuir, Prograr 


* Denotes ISA Sponsored or Participating Meeting 





i I ’ n Ra » Woold * January 16-19—ISA Instrument Automa- 
ige, In 8433 Fallbrook Ave Ca tion Winter Conference and Exhibit 
1 Park, California Kiel Auditorium, St. Louis, Mi ] 
Contact: William H. Kushnick, Exec 
November 7—SPE Regional Technical Con- tive Director, ISA, 313 6th Ave., Pitt 
ference, Toronto, Ontario. Sponsor burgh 22, Pa 
SPE. Contact: John D. Glen, Ch 
! ! Registratior Committe coon’ 
ian Industric Ltd., 1303 Yonge MARCH 1961 
Street, Toront« Ontario, Canada 
*%March 8-10 lith Annual ISA Spring 


Conference of Instrumentation for the 


November 14-16—12th Annual Mid-Amer- 
Iron & Steel Industry, - a eve 


ica Electronics Conference, Kansa , te ~ q 

City, Mo. Sponsor: IRE. Contact: L. R a Ms ittsbt iret Pa Nee t: R 

"Y smal ‘rans orle Airli 10 t Vebster ones ¢ iug! ! st 

ri nal _ ran Ww 1 Airline Sie eae ae Pe en. a np 

vichards Rd., Kansas City, Mo " Pp 0. Pa 

new Ave ot 
November 14-17 Sixth Conference on : 
‘ ; *March 27-31—3rd Symposium on Tem- 
at ager Fre nance ba gay perature Its Measurement and Con 
aA - : ‘ a trol in Science and Industry. ( 1 

AIEE, Office of Naval Researc! Cor bus. Ohio. Sponsors ISA AIP. NBS 

tact: A. M. Colgston, Bell Telephone ee tact ‘ Meetir pe Service: oan 2 

Laboratori Murray Hill, New Jersey ISA. 313 Sixth Ave.. Pittsbt rgh 29 : 
November 15—29th Symposium on Shock 

and Vibration and Associated Envir- APRIL 1961 

onments, U.S.N. Supply Center, Oak 

land, California. Sponsors: U.S yf Re wx April 17-19 7th ISA Symposium on In 

earch Laboratory. Contact S.N strumental Methods of Analysis, | 

Supply Center, Oakland, Cal om. ia ton. Texas. Contact: Meeting Se 

: : Manager, ISA, 313 6th Ave Pitt 

November 15-16—-Symposium on Engineer- 29 Pp 


ing Applications of Probability and 
Random Function Theory, Purdue Uni 


versity, Lafayette, Ind. Sponsors: IRE MAY 1961 
>urdu Iniv ity ‘onté cof J 
Shaan - off. D ty he - os P — : %* May 1-4—7th ISA Aero-Space Instrumen 
Seienc 4 Purdue Univer ity L. if; vette tation Symposium, Ft. Wort 
uaa ee — Contact: W. J. Gabriel, Convair D 
sh a $101 General Dynamic Fort W 
November 27-December 2—1960 Winter Texa 
Annual Meeting of the American So- 
ciety of oo Mell Engineers, Nev *May 8-10—4th ISA Power Instrumenta 
Y Cit Contact: I ra] Denneg : tion Symposium. Chicago, Ill. ¢ 
Director of Public Relations “ASMI Meetin Service Manage ISA 
29 W 9th Street, New York 18, N.Y 6th Ave Pitt burgh 22, Pa 
*May 10-12—2nd Pulp and Paper Instru 
DECEMBER 1960 mentation Symposium, Gree B 
Wisc. Sponsor ISA and TAPPI 
December 1-2—1ith Annual Meeting of the 13 6t +? rs Pitt a cain on aie a 
Institute of Radio Engineers, Shera nas rrr = 
Hotel, |} lelphia, Pa. Contact: W 
G. Chane. American Telephone and *May 22-24—-l10th National Telemetering 
Teleprat Co.. Room 1710, 195 Broad Conference, Chicago I) Ss 
r New York, N.Y ISA, AIEE, ARS, IAS, IRE. ¢ 
Meeti Service Mar c ISA 
December 13-15—1960 Eastern Joint Com- 6th Ave., Pittsburgh 22, Pa 
puter Conference, New York 
York. Contact: 1960 Eastern Joint Co 
nuter Conference P. O. Box 2580 JUNE 1961 
Grand Central Station, N.Y. 17, N.Y 
*wJune 5-8 ISA Instrument-Automation 
December 26-31 127th Annual Meeting of Summer Conference _and Exhibit 
the American Association for the Ad- Queer lizabe iH Aes, 2 Ore > 
vancement of Science, Philadelp r Canada. Contact: William H. K 
Pa. Contact: AAAS. 1515 M wchusett ch Executive Director ISA 
Ave., N.W., Washington 5, D.C \ve., Pittsburgh 22, Pa 
*xJune 13-16 3rd Biennial ISA Interna 
JANUARY 1961 tional Gas Chromatography a 
iu ca t It rit 
January—Inter-African Hydrological Con- Moet . aoe vice F Roe we! 73 4 
ference of the Commission for Tech- et in Stil aa a Pam 
“ : ) Ave Pittsburg 22, Pa 
nical Cooperation, ae uirobi Africa 
Contac Bu reau of For ign Commerce 
U.S. Department of C merce, Wast SEPTEMBER 1961 
ington 25, D.C 
*% September 11-15—-ISA Instrument Auto 
January 9-ll1—Seventh National Sympo- mation Conference and Exhibit and 
sium on Reliability and Quality Con- 16th Annual Members Meeting, S; t 
trol in Electronics, Bellevue-Stafford Arena, Los Angeles Calif. Cor 
Hotel Philadelphia P Sponsors Willian H Kushnick Executive D 
PGSET, IRE. Contact RK. E. Kuehn recto! ISA, 313 6th Ave Pitt ! 
IBM Corporation, Oswego, New York 22, Pa 





Contributed papers to all the above listed meetings are welcome. Submit qualifying abstracts to the contact 
individual no later than four months prior to the scheduled meeting. 


LAST CALL FOR 


ORNL 4th Conference on Analytical Chemistry in Nuclear Reactor Technology, 
Ist Conference on Nuclear Reactor Chemistry, Gatlinburg, Tenn., Oct. 12-14 


ISA, IRE, AIEE {3th Annual Conference on Electrical Techniques in Medicine and 


Biology, Washington, D.C., October 31-November 2 
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Announcing a complete line of Manometers as Trimount 
Instruments joins General Controls 


Through the acquisition of the Trimount Instrument Company, 


General Controls now offers a complete line of modern, accurate ELECTRONIC LEVE! 
> ‘ ° > INDICATORS/CONTROLLERS 
manometric instruments for every application. This famous Line includes capacitance type 
. . . ON-OFF Controllers. Also 
product line will continue to be produced to the same high engi- racine Pa rare 5 ange 
. svoportioning Level Indicators 
neering standards that have brought broad acceptance to both Eeecealtcsen Meatauetee man 
with liquids, gases and solids 


Trimount and General Controls in the industrial instrumenta- scbadiler ofeueeeile Gantentaie 
tion field. And all products manufactured and distributed by the 

Trimount Instrument Division will be sold and serviced through 

General Controls’ international network of factory branch 

offices. Also included in the Trimount line are the “Crown” 

Hydraulic Remote Control Systems and the Electronic Level aes Se 
Indicators/Controllers. Self-contained hydraulic 


systems for 


i 
M 1 ji ‘ols ; f . . r ¢] ] positioning of remotel 
General Controls maintains 44 fac tory branch offices throughout Giart, aaeiin. calvene 


the United State Ss, Canada and Western Europe P For ¢ omple fe actuators 


ositive, infini 


information on any Trimount produc R< hec I: the ye llou pages for 


your local factory branch or Trimount represen fative. 


Manufacturer f Manomete Flectronic Leve ndicator 


Controllers and Hydraulic Remote 


G TRIMOUNT INSTRUMENT DIVISION 


& GENERAL CONTROLS co. 8080 McCormick Boulevard, Skokie, Illinois 


CIRCLE NO. 111 ON PAGE 110 





GPE Controls Model R790 Electric Integrator 


gives you direct integrated S-digit read-out of any 


flow that can be represented by a D.C. electrical 
signal—with accuracy to within % of 1% over flow 
turndowns of as much as 10 to1. Chart planimetering 
is eliminated. Unaffected by temperature changes 
from —3O° to +130°F. Designed for use with GPE 
Controls linear signal electric flow transmitters, 
but suitable for many other applications as well. 
Long-time accuracy and 
dependability assured by 
jeweled integrator motor, 
precision-made low friction 
gears and counter. Requires 


little panel space. 








GPE Controls, Inc. 
240 East Ontario Street « Chicago 11, lilinois 














A Subsidiary o f GENERA I PRECISION 


CIRCLE NO. 112 ON PAGE 110 








